Studio Practices in Kinescope Recording * Harold Wright 
7 An Electronic-Film System * J. L. Caddigan and T. T. Goldsmith, Jr. 
16 Color Video Switching * W. B. Whalley and R. S. O'Brien 


Educational Television—3 Papers * Gertrude Broderick, 
E. A. Hungerford, Jr., and Allan M. DeLand 


Resolution-Acutance in Photographic Definition 
‘ G. C. Higgins and R. N. Wolfe 


31 Reduction-Printing Effect on Definition 
G. C. Higgins, k. L. Lamberts and R. A. Purdy 


37 Field Depth in Wide-Screen Cinematography 
R. N. Wolfe and F. H. Perrin 


& 


Electronic Printing for 16mm Sound * Roger J. Beaudry 


American Standards—5 Proposals 


79th SMPTE Convention - April 29-May 4, 1956 + Hotel Statler, New York 


volume 65 * number 1 JANUARY 1956 


WJ U FR N A O Hi FE 
wee 
++ 
al 
a4 20 
b 
| 
26 
| | 
= 
< 
| 
Lt 


JOURNAL of the 
SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


PUBLICATION OFFICE 


Officers 


President, 1955-56 
JOHN G. FRAYNE, Westrex Corp., 6601 Romaine St., Hollywood 38, Calif. 


Executive Vice-President, 1955-56 
BARTON KREUZER, Radio Corporation of America, Camden, NJ. 


Past President, 1955-56 
HERBERT BARNETT, General Precision Laboratory, Inc., 92 Gold St., New York 38, 
N.Y. 


Engineering Vice-President, 1954-55 
AXEL G. JENSEN, Bell Telephone Laboratories, Inc., Murray Hill, N.J. 


Editorial Vice-President, 1955-56 
NORWOOD L. SIMMONS, Eastman Kodak Co., 6706 Santa Monica Bivd., 
Hollywood 38, Calif. 


Financial Vice-President, 1955 
JOHN W. SERVIES, National Theatre Supply, 92 Gold St., New York 38, N.Y. 


Convention Vice-President, 1955-56 
BYRON ROUDABUSH, Byron, Inc., 1226 Wisconsin Ave., N.W., Washington, D.C. 


Secretory, 1955-56 
WILTON R. HOLM, E. |. du Pont de Nemours & Co., Parlin, NJ. 


Treasurer, 1954-55 
GEO. W. COLBURN, Geo. W. Colburn Laboratory, Inc., 164 North Wacker Dr., 
Chicago 64, Ill. 


Governors, 1954-55 

FRANK N. GILLETTE, General Precision Laboratory, Inc., 63 Bedford Rd., 
Pleasantville, N.Y. 

LORIN D. GRIGNON, Twentieth Century-Fox Film Corp., Beverly Hills, Calif. 

RALPH E. LOVELL, National Broadcasting Co., 2554 Prosser Ave., 
W. Los Angeles 64, Calif. 

GARLAND C. MISENER, Ansco, Binghamton, N.Y. 

RICHARD O. PAINTER, General Motors Proving Ground, Milford, Mich. 

REID H. RAY, Reid H. Ray Film Industries, Inc., 2269 Ford Parkway, St. Paul 1, Minn. 


Governors, 1955-56 

GORDON A. CHAMBERS, Eastman Kodak Co., 343 State St., Rochester 4, N.Y. 

JOHN W. DUVALL, E. |. du Pont de Nemours & Co., 7051 Santa Monica Bivd., 
Hollywood 38, Calif. 

LLOYD T. GOLDSMITH, Warner Brothers Pictures, Inc., Burbank, Calif. 

GEORGE LEWIN, Signal Corps Pictorial Center, 35-11 35 Ave., Long Island City, 
N.Y. 

W. WALLACE LOZIER, National Carbon Co., Cleveland, Ohio. 

MALCOLM G. TOWNSLEY, Bell & Howell Co., 7100 McCormick Rd., Chicago 45, lil. 


Governors, 1955 
PHILIP G. CALDWELL, 474 So. Arroyo Bivd., Pasadena 2, Calif. 
EVERETT MILLER, Radio Corporation of America, 411 Fifth Ave., New York 16, N.Y. 
JAMES L. WASSELL, Bell & Howell Co., 927 Harvard Lane, Wilmette, Ill. 


Subsection Chairman 
BEN AKERMAN, Sta. WGST, 2646 Cheshire Bridge Rd. N.E., Atlanta 5, Ga. 
LEO DINER, Leo Diner Films, 332 Golden Gate Ave., San Francisco, Calif. 
ERNEST D. GAW,, Interstate Circuit, Inc., 501 Chickasaw Trace, Grand Prairie, 
Texas. 
JOHN G. STOTT, Eastman Kodak Co., Kodak Park Bldg. 65, Rochester 4, N.Y. 


Student Chairmen 
HAL ARTHUR (USC), 8659 Nash Dr., Los Angeles 46, Calif. 
SOL GORDON (NYU), 867 Hegeman Ave., Brooklyn 8, N.Y. 


TWENTIETH AND NORTHAMPTON STREETS, EASTON, PA. 


Editorial Office 
55 West 42d St., New York 36, New York 


Editor—VICTOR H. ALLEN 


Advertising Manager—DENIS A. COURTNEY 


Board of Editors 


Chairman—PIERRE MERTZ, 
463 West St., New York 14, New York 


HARLAN L. BAUMBACH W. |. KISNER 
D. MAX BEARD GLENN E. MATTHEWS 
GERALD M. BEST C. DAVID MILLER 
GEORGE R. CRANE JOHN A. NORLING 
HAROLD E. EDGERTON HERBERT W. PANGBORN 
LLOYD T. GOLDSMITH 

JOHN H. WADDELL 


LORIN D. GRIGNON 
A. M, GUNDELFINGER W. C. WINTRINGHAM 
DEANE R. WHITE 


CHARLES W. HANDLEY 
RUSSELL C. HOLSLAG CHARLES W. WYCKOFF 
CLYDE R. KEITH EMERSON YORKE 


Papers Committee Chairman 


RALPH E. LOVELL, 2554 Prosser Ave., W. Los Angeles 
64, Calif. 


Subscriptions to nonmembers, $12.50 a year; single 
copies, $2.00 for one-part issues, $2.50 for special 
two-part issues. A 10% discount is allowed to individual 
members and accredited agencies on orders for sub- 
scriptions and single copies. A list of priced and gratis 
publications is available. Order from the Society's 
Headquarters Office, 55 West 42nd St., New York 36 


THE SOCIETY is the growth of thirty-eight years of 
achievement and leadership. Its members are engi- 
neers and technicians skilled in every branch of motion- 
picture film production and use, in television, and in the 
many related arts and sciences. Through the Society 
they are able to contribute effectively to the technical 
advance of their industry. The Society was founded 
in 1916 as the Society of Motion Picture Engineers and 
was renamed in 1950. 


Membership in Sustaining, Active, Associate or Student 
grades is open to any interested person according to 
his qualifications. Information about membership, 
technical activities and standards and test films for the 
industry is available from Society Headquarters. 


SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


Headquarters Office: 55 West 42d St., New York 36, N.Y. Telephone: LOngacre 5-0172 
Executive Secretary: BOYCE NEMEC 


Entered as second-class matter January 15, 1930, at the Post Office at Easton, Pa., under the Act of March 3, 1879, and published monthly. Copyright, 
1956, by the Society of Motion Picture and Television Engineers, Inc. Permission to republish Journal text material must be obtained in writing from the 
Society's Headquarters Office, 55 West 42d St., New York 36. The Society is not responsible for stat: ts of contributors. Printed by Mack Printing 
Company, Easton, Pa, 


| 
a 
= 


Journal of the 
Society of Motion Picture 
and Television Engineers 


VOLUME 65 


Television Studio Practices 
Relative to Kinescope Recording 


If television studio practices are controlled, using the transmission waveform as 
the guide, consistent kinescope recording quality can be maintained. The wave- 
form approach must be one which takes into account both peak-to-peak voltage 
conditions and waveform area balance. Inclusion of reference black and white in 
all possible shots will ensure consistent picture voltages to the kinescope recorder 
and permit retention of mood when the recording is reproduced. Careful atten- 
tion to tonal balance of shots will produce balanced waveform areas. This is 
essential to stable reproduction on receivers not equipped with d-c restoration. 


* was realized at an early stage in the 
development of Canadian television that 
due to the great distances involved 
scattered population centers and time- 
zone differences, a great deal of television 
programming would be by way of kine- 
scope recordings. This, coupled with an 
extremely rapid expansion of production 
facilities, presented a challenge in terms 
of both education and control. From an 
early stage groundwork was laid in the 
form of Technical and Program Staff 
education on which it was later possible 
to build a workable system of studio- 
practice control. This included the 
training of program producers, direc- 
tors, designers and graphic artists in 
at least the rudiments of television 
transmission theory, particularly an 
understanding of video levels and video 
waveforms with their relationship to 
staging and production practices. 
Coupled with adequate technical 
supervision of programs, this groundwork 
made possible a workable control. On 
the larger programs, the Technical Pro- 
ducer (equivalent to Technical Director 
in U.S. television) does not do any 
switching or perform other operations, 
and so he is able to take a more analytical 
and objective view of the program as a 
whole. It soon became evident that the 
critical area lay in the studio and 
that technical supervision and control 
of studio practices was essential to 
consistent kinescope recording quality. 


Presented on October 7, 1955, at the Society's 
Convention at Lake Placid by Harold Wright, 
Canadian Broadcasting Corp., 354 Jarvis St., 
Toronto, Ont., Canada. 


(This paper was received November 18, 1955.) 


C.B.C. policy in the supervision and 
control of studio practices is a realistic 
one. The basis for judgment is the 
adequacy of the final reproduction on 
the average home receiver. 

It is not enough to consider only the 
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quality of the release print as a piece of 
film. The problems of the reproducing 
equipment and the film-chain operator 
must be considered or the end result 
may still be mediocre. If all factors are 
considered, four main. areas must be 
taken into account. 


(1) The actual production of the 
program in the studio of origination. 

(2) The television recording process 
(taken here to mean exposure and de- 
velopment of the negative and release 
print). 

(3) The human element in the re- 
production of the release print on a film 
camera chain. 


Fig. 1. 


Kinescope recorder brightness adjustments being made in the Toronto 


recording room of the Canadian Broadcasting Corp. 
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Fig. 2. Graph showing the release print tolerances for 


CBC kinescope recordings. 


(4) The reproducing characteristics of 
the current crop of television receivers. 


The kinescope recording area _ is 
eliminated as a variable. This has been 
accomplished as follows 

(a) Exact procedures are followed for 
adjustment of the kine-recording equip- 
ment prior to making each recording. 
This includes the use of a staircase or 
step-wedge generator combined with a 
brightness meter to ensure consistent 
brightness values at the face of the 
recorder kinescope when the recorder is 
fed a standard television picture signal. 
This is essential if consistent film exposure 
is to be achieved. Figure 1 shows these 
adjustments being made. 

(b) For processing control, a_ rigid 
procedure of sensitometric and densito- 
established. 


metric testing has been 


Complete and detailed records are kept 


and the overall tolerance of the entire 
recording process with respect to the 
standard reference staircase signal is held 
to +0.1 density. Release prints have a 
density from 0.25 to 1.85. Figure 2 is a 
graphical representation of the data. 

(c) Flow-metered replenishing is used 
in the developing tanks and the solution 
mixed for negative developer is also used 
for replenishing. When a tank is newly 
filled, sufficient potassium bromide is 
added to the developer to stabilize it so 
that developing of recordings may start 
immediately with normal replenisher 
flow “‘on.” 

(d) Adequate soundtracks have been 
achieved with synchronous magnetic 
film sound recorders. Electronic printing 
is used to produce a variable-area sound- 
track on the release print. 


(e) The entire recording, processing 


and printing operation is constantly and 
carefully supervised. 

In film terminology, this is equivalent 
to a one-light process and it would seem 
therefore that the recording process has 
been changed from the status of an art 
to that of a controlled engineering proc- 
ess. This recording 
variables was essential before any ade- 


elimination of 


quate system of studio control could be 
made effective. 

Area three takes into account the 
problems of level setting and its effect 
at the time the kinescope recording is 
reproduced. If adequate black and white 
references are included in the original 
shooting, particularly during the first 
thirty seconds of the program, then the 
reproduction of original lighting key and 
program mood will present few problems. 
The film-chain technician will have no 
difficulty establishing correct settings 
for gain and black level and the repro- 
duction of tonal range will be correct. 
This is particularly important if good 
skin tone rendition is to be achieved. 

Attaching step wedges and/or repre- 
sentative scenes at the head of each 
recording was considered but discarded 
since these would almost invariably be 
clipped off for the addition of spot com- 
mercials and station breaks. Steps are 
currently under way to make the in- 
clusion of black and white references 
mandatory during the opening titles 
and scenes of programs which are to be 
recorded. 

Figure 3 shows the picture and wave- 
form for a scene which has neither refer- 
ence whites nor reference blacks. If the 
film-chain operator attempts to obtain a 
full, one-volt signal by adjustment of 
the gain and black level, severe tonal 
distortion will occur and the end product 
will appear as shown in Fig. 4. 

Area four considers that a very large 
proportion of current television receiver 
models are not equipped with a d-c 
restorer. Leaving out this important 
circuitry from the receivers has, in effect, 
taken away the standard video level 
reference and causes the receiver to 


Fig. 3. Illustrating a television picture and its associated waveform when there are no reference 


blacks or whites in the scene. 
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Fig. 4. The picture and waveform of Fig. 3 after the technician has readjusted gain and black level to obtain 
a full 1-v signal. Note the exaggeration and distortion of contrast. 


function on an a-c basis. In an a-c 
coupled circuit the video signal seeks 
to establish an a-c axis in which the 
area of the waveform above the axis is 
equal to the area below the axis. This 
axis will shift as shooting angles and 
shot sizes change and will be different 
for low and high keylighting. If the 
receiver had d-c restoration, this would 
not be significant and the system would 
permit a great deal of latitude in terms 
of lighting and staging effects. 


But with unrestored receivers the 
shifting a-c axis with its attendant screen 
brightness changes will frequently be 
sufficient to nullify completely the orig- 
inal effect. If a brightly lighted, high- 
key scene in a variety show is followed 
by a long shot of the artist against a dark 
background, then reproduction of this 
second shot under unrestored conditions 
will produce a gray and usually noisy 
background coupled with highlight satu- 
ration. This latter is most serious since 


it destroys skin tone and facial detail. 
To avoid these effects it is necessary to 
assess the outgoing video signal in terms 
of waveform area as well as peak-to- 
peak voltages. If staging, shooting and 
lighting are arranged so that a reasonable 
area balance exists in the light and dark 
portions of the scene, then a waveform 
will result which will have reasonably 
balanced areas about an axis assumed to 
lie in the middle of the tonal range. 
Under these conditions, reproduction 


Fig. 5. The picture and waveform for a low-key long shot. This is the type of shot which reproduces very poorly 


on unrestored receivers. 


Fig. 6. Showing the effect on the picture and waveform when the shot of Fig. 5 is tightened. 
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Fig. 7. A normal scene with normal references and levels. 


of the signal will be satisfactory even on 
unrestored receivers. 

[he picture and waveform shown in 
Fig. 5 are an example of unsatisfactori- 
ness from the above viewpoint. In Fig. 6 
the shot has been tightened somewhat, 
producing considerable improvement in 
the waveform area balance. 

Area one, the 
program, has been left until the last 


production of the 


because it has tentacles in many depart- 
ments which might be considered as 
This area may be further 
broken up somewhat as follows: 

(a) Video control. 

(b) Aperture setting. 


nontechnical. 


(c) Shooting angles relative to 
lighting and settings. 

(d) Staging practices. 

Video Control 
Video control is the most critical of these 

four factors. Careful and precise camera 
alignment is essential; regular frequent 
checking of waveform monitor calibration 
is required; and the picture monitors 
in any one control room should all 
match in terms of contrast and bright- 
ness. Image orthicons in any given 
studio should have approximately the 
same hours of usage in order to match 
adequately the pictures from the group. 


Fig. 9. The scene shown in Fig. 7 but with a 10% decrease in 
black level. 


The final result is dependent on the skill 
and experience of the video technician. 
If the result is to be good, then rigid attention 
must be given to level adjustments, with gain 
and black-level setting on the various cameras 
carefully matched. Inadequate video con- 
trol can be disastrous to the recording. 

Figure shows the picture for a 
normal scene. The picture has been 
enlarged from the kinescope record- 
ing negative. Figure 8 shows the ef- 
fect of a 10% increase in black level 
and Fig. 9 shows the effect of a 10% 
decrease in black level. If such variations 
occur between the various cameras in 
one studio the effect is even more notice- 
able. When a recording turns out to be 
unsatisfactory, there is a tendency to 
blame staging or particularly lighting, 
but in viewing recordings it is usually 
almost impossible to distinguish between 
changes in lighting and changes caused 
by video adjustments. Effects lighting is 
of course excluded. 

If the example shown in Fig. 10 is 
examined, the appearance of the picture 
would indicate that the frontlight had 
been increased. In this case, no change 
in lighting was made but the video gain 
was raised 10% over the normal value 
used to obtain the picture shown in Fig. 7. 

It was soon established that responsi- 


Fig. 8. The same scene shown in Fig. 7 but with a 10% increase 


in black level. 


bility for the control of video levels must 
lie with the originating studio. Once the 
test level has been established gain 
adjustments are not permitted either in 
master control or recording room, 


Aperture Setting 

Aperture settings will vary with 
lighting levels and camera tube age, but 
if a continuous stream of high-quality, 
matched shots is to leave the studio, 
then apertures must be carefully adjusted 
prior to each program. This may only be 
done in a satisfactory fashion after final 
lighting adjustments are completed. 
Ideally it should be done by having all 
the cameras in the studio shoot the same 
scene from as close to the same angle as 
possible and the apertures on each lens 
should then be adjusted to produce 
matched pictures. This procedure is 
obviously dependent on the previously 
mentioned accurate matching of picture 
and waveform monitors. The adjust- 
ments are made with refcrence io the 
waveform monitor. Starting with the 
lens at its smallest opening the aperture 
is increased until maximum expansion 
of the lowlights and middle lights occurs. 
We have found this to be a more satis- 
factory method of adjustment than the 
one where highlight saturation at the 


| 


Fig. 10. The scene shown in Fig. 7 but with an increase in 


gain of 10%. 
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image-orthicon knee is used as the guide. 
This method produces correct operation 
just over the knee of the image-orthicon 
characteristic and at the same time gives 
a more accurate tonal match. The final 
judgment should be passed by succes- 
sively punching up the cameras on the 
switcher so that they may be viewed in 
rapid succession on the master picture 
and waveform monitor. 


Shooting Angles Relative to 
Lighting and Settings 

Widely different shooting angles are 
discouraged in C.B.C. television studios. 
Such wide differences in shooting angle 
invariably produce almost impossible 
problems for the lighting technicians 
and make it difficult, if not impossible, 
to natch the pictures from the various 
cameras. If this situation is combined 
with poor staging practices the problem 
may be worsened. For example, if a 
setting has a large, fairly bright area 
adjacent to a large dark area and the 
cross-shooting employed alternately 
places the performer against a light and 
then a dark background, the effective 
shift in the transfer characteristic of the 
image orthicon due to redistribution will 
make it impossible to properly match the 
two pictures. This subject has been 
treated in detail by Janes and Rotow.* 


Staging Practices 

Staging practices are controlled in 
several ways. Internal regulations have 
been prepared and these are used as 
a reference by designers, producers, 
graphic artists, properties, technical 
producers and lighting crew chiefs. 
This helps to produce a_ reasonable 
amount of unity of approach and think- 
ing relative to the problems of any one 
program. Pre-program meetings are held 
between the producer, designer, techni- 
cal producer, lighting crew chief and 
audio technician with the intent of 
solving many of the problems on paper 
before they become physical ones on the 
studio floor. 

Particular attention is given to those 
factors which tend to produce undesir- 
able spurious effects in the camera tube. 
The studio contrast range, including 
settings, properties, costumes and _ the 
effect of lighting, is held to about 20 : 1. 
Sharp whites, such as white shirts, 
sheets, pillowcases, etc., are banned. 
Every effort is made to avoid the occur- 
rence of black halo. This is a most un- 
pleasant effect and pictures with black 
halos certainly cannot be considered to 
have photographic excellence. It has 
been found that the condition is reason- 
ably easy to avoid if careful attention is 
given to the control of staging, lighting 
and particularly costume practices. 


*R. B. Janes and A. A. Rotow, “Light transfer 
characteristics of image orthicons,” RCA Rev., 
No. 9, Sept. 1950. 


Fig. 11. A Baumgartner Reflectometer being used to calibrate samples of costume 
materials. 


The internal regulations consist of a 
list of forty-three rules covering all phases 
of television studio operation. Bound- 
aries for contrast in staging, graphic 
arts, costuming and properties are given 
as well as rules governing good produc- 
tion practices. As an example of this, 
here is an extract from the regulations: 

“Rule 24. In all types of program- 

ming, staging of action very close 

to set walls and backdrops shall be 
avoided. 


DISCUSSION 

“Staging action, particularly where it 
includes dialogue, very close to settings 
makes for an impossible situation in 
lighting and audio pickup. Good lighting 
dictates the use of backlighting in order to 
separate foreground objects from the 
background. But if the action moves in 
close to the backdrop, it will be impossi- 
ble to hang backlights for such action and 
those hung for previous action further 
forward will overshoot and miss _ the 
actors entirely. The pictorial effect 
produced as the actor moves in and out 
of the backlight will not be a good one. 

“From the audio standpoint, dialogue 
should cease when action moves closer 
than three feet from a wall. If this is not 
done, then boom and _ microphone 
shadows will certainly result. A par- 
ticularly rough version of this problem 
is the one where the disgusted hero 
turns his back to the camera and ad- 
dresses the wall. How then do we insert a 
microphone between the actor and the 
wall without getting mike shadows? 
A similar problem is presented by con- 


tinuous dialogue from an actor who is 
approaching a doorway to leave a set.” 


The preceding quotation indicates 
the wide range covered and indicates 
that the control of studio practices is not 
confined to video only but takes into 
account the too often neglected audio 
aspect as well. 

A somewhat new approach to the 
calibration of materials used in settings, 
costumes and graphic arts is currently 
under way. It has been felt by C.B.C. 
that the original method of calibration 
through studio cameras allowed too many 
variables. Camera-tube age, variations 
in video technique, errors in reading and 
other variables all helped to confuse the 
findings. It was felt that if all materials 
could be checked on a single measuring 
instrument the result would be more 
consistent. As a result, a Baumgartner 
Reflectometer was obtained with the light 
sensitive cells color corrected to match 
the characteristics of the 5820 image- 
orthicon camera tube. A studio gray 
scale was established in which television 
black was represented by materials 
with a reflectance of 34% and television 
white by materials with a reflectance of 
approximately 72%, giving a total con- 
trast range of about 20 : 1. Steps in be- 
tween were calculated in reflectance in 
steps and half steps in an approximately 
logarithmic fashion. Paint samples were 
initially checked on 4-in. square sections 
of plywood, greenboard and canvas, these 
three materials being the ones most 
commonly used set 
Cloth samples may be checked either in 
the bolt, as part of the costume, or as 


construction. 
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sample clippings, the only requirement 
being that a flat portion about 3 in. in 
diameter be available to set the instru- 
ment on. 

Figure 11 shows the _ reflectometer 
being used to calibrate 
costume materials. 

It is hoped that this phase of the 
control of studio practices may be ex- 
tended to the point where paints in the 
various colors may be premixed at the 
factory to a formula which will ensure 
that they will reproduce a given shade 
of gray when viewed under flat lighting 
on a television camera. In addition such 
an instrument in the hands of the costume 
designers would prevent many a costly 
and embarrassing error since materials 
could be checked even before they were 
purchased. 


Conclusions 


It would seem that the problem of 


control of television studio practices is 
much more than a technical one. It is 
reasonably easy to arrive at the neces- 
sary technical requirements and set forth 
the technical limitations of the system. 
It is another matter entirely to make the 
work. Artistic people 
are prone to cry that their creative 
efforts are being strangled. When the 
program is being viewed in the control 


control system 


room under almost laboratory-like condi- 
tions, many of the technical limitations 
are difficult to impress on the nontechnical 
mind. The latter is not inclined to accept 
the fact that the picture which looks so 
beautiful on the studio control-room 
monitor may be quite unsatisfactory 
when seen as a reproduction of a kine- 
scope recording. 


For studio practices to be successfully 
controlled it will be necessary to educate 


samples of 


and convince the production staff in the 
necessary requirements and limitations. 
This alone will not be sufficient but 
must be followed up by careful and con- 
stant technical supervision of each 
program. The Technical Supervisor must 
be able to stand firm on issues of accept- 
ability of any given picture or sound 
pickup, knowing that his decision will 
have the respect of production and the 
backing of station management. 


Discussion 


Frank N. Gillette (General Precision Laboratory) 
In the discussion of using the iris, I think you 
were referring to the use of the iris to adjust the 
light on the image orthicon to fit the studio con- 
ditions. There’s also the point of depth of field. 

Mr. Wreght: Uf an iris adjustment is made on 
the show it’s going to upset the depth of field for 
the cameraman. This would have to be deter- 
mined before the show went on the air, and not 
suddenly sprung on the cameraman as a shift in 
adjustment. For this reason the servo control of 
apertures, in straight monochrome operation, not 
color operation, the servo mechanism on irises 
seems to lead sometimes to difficulty. I’ve run 
across cases where the video man thought he 
didn’t have his aperture wide enough, started 
opening it without warning his cameraman, and 
let the cameraman be caught with too shallow a 
depth of field. It would have to be worked out 
during the last dress rehearsal test period before 
the show 

Robert G. Neuhauser (Radio Corp. of America): 1 
agree with you on the control of the exposure of 
camera tubes. It’s come to our attention that 
when a show is to be kinerecorded there should 
be some difference in the exposure of the camera 
tube to present a kinescope recording that has 
adequate effective resolution. This cannot be done 
by aperture correcting the electrical signal. 
Apparently it goes back to the image orthicon 
tune and the halo effect you get due to the elec- 
tron re-distribution when operating over the knee. 
The image orthicon has a built-in halo cancella- 
tion in its electrical signal due to operation at 
some point over the knee. When you go through 
two kinescopes in the process, such as the 
kinescope recording tube plus the home receiver 
tube, this cancels out some of the halo that is 


introduced in those two processes. It should be a 
controlled thing and not way out of bounds as 
seen in a lot of broadcasts. Has this been your ex- 
perience? 

Mr. Wright: I think the tendency is for cameras 
to be run overexposed, because this encourages 
sloppy video operation, The AGC action of an 
overexposed image orthicon is such that the 
chap can sit back and smoke a cigar while the 
show is on. This is not, to my mind, video opera- 
tion. I feel that a video operator cannot sit on his 
hands. If apertures are correctly set and the 
camera is lined up properly, at the proper light 
levels and the proper apertures, I feel that the 
quality of the signal will be considerably higher 
than if you set up everything to F/8 and pour on 
the light or some approach of that sort. I would 
agree that there is a critical point on the knee 
that gives generally better pictures. 

Mr. Neuhauser: 1 wanted to make the point 
that there is apparently a different exposure 
necessary for a direct showing of a picture vs. a 
kinerecording since you have the halation of the 
kinescope recording as an additional thing in the 
recording process, so it requires a little more anti- 
halation effect. 

Mr. Wright: No, I can’t say I noticed this effect 
particularly, although now having become con- 
scious of it perhaps I might. 

Ellis W. D’ Arcy (E.D.L. Co.): Have you em- 
ployed scale stretching? I noticed you mentioned 
the use of a wedge pattern for adjusting the 
kinescope. I assume you're using some sort of a 
scale stretcher circuit in your amplifier to shape 
the video signal. Is that correct? 

Mr. Wright: We do not use any gamma cor- 
rection in our operation. We set up the kinere- 
corder on a staircase generator to produce given 
densities in the run of the mill release prints. 
From then on our approach is to provide that 
kinerecorder with a satisfactory waveform, which 
is one which includes proper reference blacks and 
whites in a reasonable total balance. 

Mr. D'Arcy: How do you use the generator 
that you spoke about? The signal from it? 

Mr. Wright: This is fed into the kinerecorder, 
and film is exposed from it to produce the equiva- 
lent of a photographic step wedge. 

Mr. D’ Arcy: You can then use it for linearity 
adjustments of any kind? 

Mr. Wright: Yes, for the kinerecorder, the step 
wedge is fed into the kinerecorder in order to 
establish the right conditions of brightness on the 
face of the kinerecorder tube, to establish the con- 
ditions we want to achieve on our film. 
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An Electronic-Film Combination Apparatus 


for Motion-Picture and Television Production 


The system for recording of motion pictures in high quality on film combines the 
apparatus and techniques of television broadcasting studio practices with high- 
quality motion-picture film mechanisms for both 16mm and 35mm film in black- 
and-white and color. Details of the system and its methods of use are described. 
The particular apparatus for both the 16mm and 35mm versions is discussed. 
Multiple-camera operation with simultaneous recording on the several films 
is monitored and controlled by television viewfinders so that the crew and program 
director may shoot continuously and rapidly in the manner of television broadcast 
control of multiple cameras, with a resultant direct high-quality film recording. 
The assembly of the final master program is expedited by the director’s 
constant planning and observation of the results of the several cameras as por- 
trayed for him on television monitors, from which he calls for the desired ‘‘take”’ 
shots which are video switched to a final program monitor whose signals are 
simultaneously being recorded on a teletranscription cutting-guide film which 


serves as a cutting master for assembling the finished film product with a great 


saving of time. 


Introduction 

The Du Mont Electronicam TV-Film 
System utilizes television equipment as 
the electronic operating control for direct 
recording on motion-picture film. Both 
the 16mm and 35mm versions are in 
regular use in the New York City studios 
of Allen B. Du Mont Laboratories, Inc., 
the 16mm equipment at the Du Mont 
Telecenter on East 67th Street and the 
35mm equipment at the Adelphi Theatre 
on 54th Street near Seventh Avenue. 

This technical paper begins with a de- 
tailed description and illustrations of the 
electronic and film apparatus employed 
in this system. Then will follow a discus- 
sion of the uses and flexibility of the 
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equipment for high-quality program re- 
cording. 

The word “Electronicam’’ indicates 
the combination of electronic apparatus 
and motion-picture cameras in a system 
providing the speed, convenience, and 
flexibility of both the television and mo- 
tion-picture apparatus. 

The system employs several cameras, 
each equipped with a broadcast-quality 
image-orthicon television camera unit 
combined by optical integration with a 
professional motion-picture film direct- 
recording camera. Light from the scene 
to be recorded passes through a common 
lens to the film and the television pickup 
tube. Several cameras operate simultane- 
ously on the stage. They are controlled 
from a television control room so that the 
camera crew and the control-room opera- 
tors at all times operate in the manner of 
a television broadcasting crew shooting 
in long continuous takes. The composi- 
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tion of the program, the selection of shots 
and the direction of the show are accom- 
plished by watching the pictures on the 
television monitors during the show.,A 
film recording of the particular camera 
shots which are chosen in sequence by 
the director during the show is made in 
the current television-transcription prac- 
tice so that an editing or cutting master 
film of the program is promptly available. 
This master film, along with the three 
continuously running films in a three- 
camera system, permits easy cutting of 
the final show from the high-quality 
negatives which have been exposed 
directly in the studio during the program. 

Figure 1 shows the stage setting during 
the shooting of some color program ma- 
terial employing three of the Electroni- 
cam-16mm units. 

Figure 2 shows the theater installation 
using three of the Electronicam-35mm 
units recording a Jackie Gleason Show in 
black-and-white. 

Technical Features of the System 

The overall system coordination for the 
stage, the control room, the film: tran- 
scription recording, the synchronization 
of sound and the cutting techniques will 
probably be better understood by refer- 
ring to Fig. 3 which shows by block dia- 
gram the system characteristics. Three 
cameras, for example, operate from dif- 
ferent angles in the studio, using the de- 
sired lenses to give close-up and wide- 
angle shots, upon instructions from the 
control-room staff. The picture signals 
are reproduced by television in the view- 
finders so that the cameramen can prop- 
erly compose the scenes desired as well 
as adjust the focus of the lens and dolly 


Fig. 1. Stage operation 
during the recording of a 
color program on Elec- 
tronicam-16 with multiple 
cameras at Du Mont’s 
67th Street Studios. 
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Fig. 2. Recording a 
Jackie Gleason Show on 
Adelphi Theater stage 
with multiple Electroni- 
cam-35 units. 
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Fig. 3. Block diagram of Electronicam 
TV-Film System. 
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the cameras. The pictures are also re- 
produced in the control room on preview 
monitors for each camera and on a line 
monitor to which is switched the output 
of each camera in turn as it is selected by 
the program director. The program 
director is in contact with the stage crew 
by intercom phone to provide instruc- 
tions during the course of the filming. 
The sound is picked up from the actors 
and the audience and recorded with the 
standard practices employed in the tele- 
vision and motion-picture arts. 

The program which is selected by video 
switching also appears on a teletranscrip- 
tion monitor from which it is recorded on 
film which later serves as a cutting master 
for a final assembly of the finished pro- 
gram. The three cameras in. addition to 
providing the television pictures for con- 
trol during the show also record the pro- 
gram directly on film in the continuously 
running motion-picture mechanism. The 
sound recording, the teletranscription 
record and the film product of the several 
cameras are synchronously marked dur- 
ing the shooting and can then be edited 
and assembled quickly into the final 
film show. The end product, which is a 
program on film, can then be used for 
screen projection or for delayed broad- 
casting if desired. During the course of 
the show a simulcast television broadcast 
can take place. 

The Electronicam-35 provides a high- 
quality simulcast type of television signal 
at all times whether or not the film is 
running. The Electronicam-16 in one 
form conserves stage lighting by time 
sharing of the picture between the film 
and the television, thus providing a tele- 
vision signal suitable for monitoring and 
control but not suitable for broadcast on 
a simulcast basis. Other forms of 16mm 
camera equipment, however, are free of 
this limitation. 


The 16mm Equipment 

Figure 4 is a simplified optical diagram 
of the Electronicam-16 mechanism. Here 
the scene being photographed is focussed 
by an objective lens through a shutter 
opening onto the 16mm film. When this 
shutter is in its closed position a precision 
front-surface mirror on the shutter blade 
mounted at 45° to the lens axis reflects 
the optical image to a prism along a side 
path. An aerial image would be formed 
at a similar distance to the film focal 
plane but along this side path. A field 
lens mounted at this position directs the 
sharply focussed scene through the prism 
and through the necessary mirrors to a 
relay lens which is adjusted to provide 
the correct magnification of the image to 
correspond to the normal picture area of 
the photosensitive surface of the tele- 
vision image-orthicon camera tube. 

This time sharing characteristic of one 
form of the 16mm machine provides full 
sensitivity of film recording without any 
loss of light along that path and actuates 


Fig. 4. Simplified optical diagram 
Electronicam-16 


the television system at a time when film 
would not normally be exposed anyway. 
Thus, exposure requirements are exactly 
the same as for a standard 16mm camera. 
Another form of 16mm machine provides 
the optical image at all times to both the 
film shutter path and the television path, 
thus providing simulcast quality on the 
television system. 

Figure 5 shows the cameraman operat- 
ing one of the Electronicam-16 units in 
recording a Captain Video sequence. His 
operational procedure is that of normal 
television shooting. He watches an 
electronic viewfinder to compose the 
proper framing of the picture and adjusts 
the sharpness of focus of the lens with his 


IMAGE ORTHICON TUBE 
(MOVABLE FOR ALIGNMENT) 
MIRROR 
D-RELAY LENS 
E-PRISM 
F-AERIAL IMAGE PLANE & FIELD LENS 
G- 45* MIRROR ON SHUTTER 
H- (6mm FILM FOCAL PLANE 
J- OBJECTIVE LENS 
(THREE ON TURRET) 
SCENE 


right hand on a remote control brought 
to the back of the camera. The panning 


handle in his left hand and the focussing 
arm in his right hand facilitate adjust- 
ment of the camera for desired framing 
in accordance with his judgment as well 
as instructions received over his head- 
phone intercom system from the control 


room. When necessary, he can select 
any of the three lenses by a turret-change 
lever conveniently located at the rear of 
the camera. 

Figure 6, a front view of the Elec- 
tronicam-16, shows the multiple-lens 
turret and the blimp which encloses the 
motion-picture mechanism in a sound- 


proof case. The secondary optical path 


Fig. 5. Filming Captain Video sequence with 16mm unit, showing camerman’s 
regular television controls for panning, viewfinding, ad lib focus and lens change. 


Caddigan and Goldsmith: Electronic-Film Apparatus for Motion-Picture and TV Production 9 


A 
| 
| 
| 
| NA 
/ 
\ 
G x 
i 
Sere. 


10 


Fig. 6. The blimped 16mm film 
unit with multi-lens turret and 
auxiliary optical path to tele- 
vision camera showing video 
cable and additional film control 
cable. 


Fig. 9. Electronicam-35 camera assembly with sound-proofing 
blimp, auxiliary optical path to TV unit and cradle head and 
dolly. 


Fig. 7. Detailed view of Electronicam- 
16, showing modified Arriflex film camera 
and auxiliary optical path to TV unit. 


Fig. 8. Electronicam-16, showing film- 
loading area with buckle safety switches, 
turret control, and 1200-ft magazine. 


which leads from the lens to the television 
camera is also shown in Fig. 6. A closer 
view of this optical side assembly is 
illustrated in Fig. 7 showing the method 
of attachment to the professional modi- 
fied and adapted Arriflex Camera. 
This side optical assembly and the cover 
of the Arriflex are readily removed to 
expose the film-loading area illustrated 
in Fig. 8. The remote-control, lens- 
turret mechanism can be seen in this 
Fig. 8. Safety circuits include buckle 
switches and loop protective switches. 
Necessary synchronous-marking circuits 
and exposure lamps have been built into 
the apparatus, operated remotely from 
the control room to leave the cameraman 
free for his normal television duties. 
The Electronicam-16 is equipped with 
large film magazines holding 1200 ft of 
standard film, thus permitting recording 
of at least one-half hour of continuous 
programming. 


The 35mm Equipment 


The 35mm form of the Electronicam 
System employs a camera assembly 
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illustrated in Fig. 9. It combines a 
modified and adapted Mitchell pro- 
fessional 35mm mechanism for the film 
and the professional Du Mont Image 
Orthicon Television Camera. Again, a 
common lens sends light both to the film 
and, through a side optical path, into the 
television camera. The cradle head and 


the dolly arrangement, shown in Fig. 9, 
permit easy handling of this equipment 
on the stage. The blimp provides 
soundproofing for the _film-transport 
mechanism. 

The internal structure of the optical 
system in the Electronicam-35 is better 
understood from Fig. 10. Here an 
optical cube is employed to provide 
simultaneous images both to the film 
plane and to the television pickup tube. 
The units are so constructed as to permit 
quick interchange of these optical cubes 
so as to provide optimum match of light 
sensitivity over the film and television 
paths. With black-and-white shooting 
on Eastman Tri X stock a 50/50 light 
split is accomplished in the optical cube 
resulting in excellent exposure for scenes 
illuminated at approximately 250 ft-c at 
T5.6. The television pictures are of 
excellent quality. 

The optical cube may be changed to 
one providing 80% light to the film and 
only 20% light to the television camera 
when Eastman negative color film is 
employed using stage illumination of 
approximately 800 ft-c at a lens opening 
of T4.0. Exact framing of the scene is 
insured by this optical system which has 
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Fig. 10. Simplified optical diagram for Electronicam-35. 


Fig. 11. Electroni- 
cam-35 from opera- 
tor’s position, show- 
focus handle for lens 
adjustment, lens selec- 
tor push-buttons, 
dollying and panning 
facilities, and the elec- 

= tronic viewfinder by 
which the cameraman 
composes and controls 


te his shooting. 


no parallax by virtue of the use of a 
common lens. Factory adjustment of 
the apparatus insures appropriate mag- 
nification of the image on the television 
screen from the television path as well as 
insures sharpness of focus on the tele- 
vision camera tube at the same time 
sharp focus is produced in the film plane. 
The image-orthicon tube may be moved 
during this factory adjustment but is 
subsequently locked in position during 
actual shooting. The focus handle oper- 
ated by the cameraman moves lens “‘L.”’ 

Selection of any one lens is accom- 
plished by the cameraman through re- 
mote pushbutton controls brought to a 
convenient position at the back of the 
camera as shown in Fig. 11. Four lenses 
are available on the lens turret ranging 
from 35mm to 100mm in focal length. 


Fig. 12. Detailed view of multi-lens turret on the Electronicam-35, showing part of 
the focus control mechanism and the electrical turret change facilities. 
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Fig. 13. The Electronicam-35 with blimp open in the film-loading position, showing 
variable shutter control, 2000-ft magazine and other features of the modified and 


adapted professional Mitchell mechanism. 


Figure 12 shows some of the mechanical 
details on the lens turret including the 
remote focussing mechanism as well as 
the microswitches and other electrical 
controls for turret change. 

In Fig. 13 the blimp is open in the 
position which permits loading of the 


camera. A 2000-ft magazine provides 


22 min of 
standard stock and approximately 30 


min of shooting using Du Pont Cronar 


continuous shooting with 


base stock. Exposure control can be 
independently adjusted within limits in 
the motion-picture mechanism by the 
conventional variable-shutter mecha- 
nism of the professional Mitchell camera. 
In addition to the footage indicator of 
each camera there are remote control- 
room repeater footage indicators for all 
cameras. 

The apparatus is designed to provide 
convenient film-loading 
area of the professional Mitchell 35mm 


access to the 


camera as shown in Fig. 14.__ Loop pro- 


tective microswitches as well as buckle 


plate protective circuits are included in 


this design. Film-marking bloop lights 
and the necessary operating facilities for 
these controls are provided for synchro- 
nization marking of the several cameras 


on the stage as well as the teletranscrip- 

tion recording and the soundirack. 
Figure 15 shows the control room 

facilities for the Electronicam system. 


Control-Room Facilities 


The control room contains primarily 
the normal facilities used by a television 
studio. Figure 15 is such a control room 
used in recording a color program on 
film. The several monitors provide 
pictures from each of the cameras con- 
tinuously during the shooting. An addi- 
tional monitor shows the selected signal 
for line feed at a given time. The direc- 
tor can thus talk with the crew and in- 
struct the cameramen on setup of new 
shots while the shooting is in progress. 
The video switcher then, upon instruc- 
tion, selects the desired shots which are 
fed to the air if simulcast is desired and 
to the transcription recording for later 
editing use. 

Figure 16 shows the control-room 
video-switching panel which permits 
laps, fades, dissolves, etc., as well as sharp 
camera another. 
These editing indications are duly re- 
corded on the teletranscription and can 
then be matched in the cutting room and 
printing process to prepare the final 
released film. ‘The final film, of course, 
makes no direct use of the teletranscrip- 
tion for subject matter but calls upon the 
high-quality 
tinuously in the several cameras on the 
stage, 

In order that the television pictures be 
most effective as a control of high-resolu- 
tion film, the television cameras and 
other video circuits have been partic- 
ularly refined. The circuits are under 
control of the operator and therefore 
need not be limited to 6-mc channels as 
in the case of television broadcasting. 
Consequently, the video band- 
widths available are used to their fullest 
to insure the sharpest possible focus to 
facilitate the cameramen’s adjustment of 


cuts from one 


film being exposed con- 


wide 


Fig. 15. Control-room facilities for the system. 
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Fig. 14. Film-loading 
area of the Electroni- 
cam-35, showing the 
professional Mitchell 
movement and the 
electric safety inter- 
lock circuits. 


the lenses 
programs. No tabs or marks on the 
floor are Rehearsals and 
actual shooting may be done relatively 
rapidly and program spontaneity is thus 
much improved. The electronic facili- 
ties are readily modified to accommodate 
wide-screen principles of film shooting 
since the area and aspect ratio of tele- 
vision pickup may be readily adjusted by 
simple scanning modifications in the 
television system. The electronic gear 
is therefore simply adapted to the special 


necessary. 


Fig. 16. Details of the video switching ahaa providing fades, laps, dissolves, ote, 


during ad-lib shooting of 


motion-picture recording apparatus used 
for these wide-screen processes. Appa- 
ratus illustrated in the pictures here 
provide the conventional theater aspect 
ratio on both 16mm and 35mm film. 
In the control room the usual tele- 
vision apparatus is supplemented by one 
additional control panel (Fig. 17) which 
provides the necessary individual or 
ganged switches for bloop synchronizing 
marking and for motor control of the film 
drive in the several cameras. Figure 18 
illustrates a teletranscription recording 


between cameras in the Electronicam System. 


unit equipped with 1200 ft of 16mm film 
which photographs a continuous }-hour 
program from the face of a 7-in. cathode- 
ray tube. Video amplifiers and monitor 
control circuits permit gamma _ balance 
of either a positive or negative polarity 
picture on a cathode-ray tube to insure 
recording quality. 

Figure 19 shows a four-gang 16mm 
editing machine on which the synchro- 
nous films are lined up. The teletrans- 
cription cutting master film provides an 
easy means of determining the cutting 
points for combining the filmed product 
of the three continuously running cam- 
eras into the final release master film. 
Production Practices 

The Electronicam System makes avail- 
able, to the entire production team, a 
new creative tool. Mental visualization 
and development of a production resulted 
in the story board approximation of what 
was desired as a final result on film. 
The talent and memory of the camera 
operator constituted the single factor 
responsible for the final interpretation of 
the creative effort of the production 
team. 

The Electronicam System now per- 
mits the entire team to see as it shoots. 
It makes possible complete visual re- 
hearsals without shooting a foot of film. 
The director can “‘dry run” entire scenes 
or sequences with the inclusion of all 
effects such as fades, dissolves, wipes, 
boxes, etc. These effects, developed 
electronically and available on the sys- 
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Fig. 17. Bloop and motor control panel for control-room operation of the film portion 


of the system. 


tem’s picture monitors, enable the direc- 
tor to develop tempo and pacing of a 
scene’s playing to the dramatic split 
As pointed out pre- 
utilizes multiple 
continuously and 


second of pay-off. 
the system 
operating 


viously, 
cameras 
covering the scene from all desired 
angles. The director during rehearsal 
and actual shooting “edits electronically” 


by calling for the camera recording the 
desired take. The selected camera is 
switched on cue to the “take monitor’ 
which provides the complete production 
team with a scene-by-scene playing of a 
sequence. In the area of special effects, 
the electronic effects generator and mat- 


ting amplifier make possible the shooting 


of all types of matte effects in easily 
accomplished registration. 

During rehearsal or during the period 
of actual shooting the video recorder of 
the system can record on 16mm stock 
any or all scenes or sequences called for 
by the producer or director. This tele- 
transcription of any production provides 
a complete composite that includes pic- 
ture, sound and all effects (developed 
electronically) exactly as called for by 
the director. Instead of waiting days 
for a composite developed optically, the 
video recording is ready for screening as a 
“rush” in a very short time on the same 
day it is shot. This facet of the Elec- 
tronicam System permits all involved in a 
production to evaluate their efforts be- 
fore shooting decision is finalized. The 
video recording that is made at the time 
of final shooting provides an editing 
guide since it records all scene changes as 
well as the beginning and end of all 
effects that will be later printed, with 
standard optical practices. If the pro- 
duction staff approves, the video record- 
ing made at the time of the final shooting 
becomes the “editing guide’’ for cutting 
and is locked in syne with the negatives 
from the number of cameras used during 
production. If it is not approved, the 
complete footage shot continuously in all 
cameras provides ample protection foot- 
age for change of editing decision with- 
out the necessity of re-shooting. 

The “ad lib’ follow-focus feature 
includes a Hi ““D” electronic picture in 
the camera’s video viewfinder to provide 
‘“‘on-the-nose focus’ at all times during 
shooting. It is no longer necessary to 
tape each take and restrict talent to 
strictly limited playing areas. In the 
future when a player misses his or her 
“mark” the take will not be labeled 
“NG” as the operator will easily and 
simply follow the action “in focus.”’ 

During recent shootings of the Jackie 
Gleason Show this feature of the system 
was dramatically illustrated. On one 
occasion, due to a speeding up of playing 
time, it was noted at a point beyond the 
half-way mark that the show was running 
short by some two minutes. The Glea- 
son company “‘ad libbed”’ business and 
dialogue during the take, after receiving a 
cue indicating the necessity for a stretch. 
The camera operators had no idea of the 
business coming up, yet with the follow- 
focus feature easily and accurately fol- 
lowed the new and unrehearsed action. 
Incidentally, the Gleason Show is shot 
before a live audience of 1200 in the 
average shooting time of 37 min. The 
continuous multiple-camera shooting 
techniques permit the performer to de- 
velop character, pacing, mood, and 
dramatic intensity in a single uninter- 
rupted take. In the field of comedy this 
continuous complete sequence “take” 
permits the comedian to build his busi- 
ness and reach the pay-off in a natural 
manner that greatly accentuates the 
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desired results expected from his ma- 
terial. 

With this system, the 
amount of costly time: now taken in 
setting up cameras on a scene-to-scene 
basis can be eliminated in favor of tele- 
vision techniques which feature con- 
tinuity of action. The setup time, 
especially in spectacle films where large 
groups of performers are filmed, can be 
particularly costly. Directors now spend 
hours setting up cameras and adjusting 
and changing their positions for a scene 
which may last only a minute. Through 
the use of a battery of monitors and an 
intercom system, every camera can be 
set up from a central point, and the 
directors can have an exact picture of 
what the camera “sees”? not only in 
advance, but while the camera is actually 
shooting, thereby greatly reducing the 
overall production time 

The Electronicam System helps solve 
lighting problems. The lighting direc- 
tor can evaluate the lighting in advance, 
follow it through rehearsals, and make 
appropriate adjustments and changes 
before a single foot of film is exposed. 
This instantaneous television viewing 
adds a new dimension for the producer 
so that he is able to feel the ‘“‘mood”’ of 
the scene in accordance with his desires. 

Pickup units are mobile. In the pro- 
duction of films for television or theater 
showings, the director gets the same 
camera mobility as in a live television 
broadcast, the same monitoring facilities, 
and a high-quality film print as the end 
result. 

The Electronicam System does not 
interfere with, but rather supplements, 
already tried and proven techniques used 
in movie making in the fields of direc- 
tion, production, lighting, and sound 
recording. 

The techniques of this system will have 
a far-reaching effect not only in tele- 
vision broadcasting but in all areas of 
endeavor where action or subject matter 
recorded on motion-picture 
learned 


enormous 


must be 
film. A great deal must be 
relative to its most efficient use in various 
fields. 
has already been gained as a result of the 


Extensive experience background 


commercial use of the equipment by the 
Allen B. Du Mont Laboratories. 


Relation to Color Television 


An interesting aspect of this method of 
program recording is its possible impact 
on color-television broadcasting. Pres- 
ent live-color practice is to use several 
cameras. It is difficult to match prop- 
erly the color response of these several 
cameras compared with one another. 
Even within one camera three separate 
image-orthicon tubes are used; these 
have differing transfer characteristics 
which result in compromise transfer and 
gamma balance for the respective chan- 
nels, red, green and blue. Furthermore, 
the difficulty of maintaining the registra- 


Fig. 19. Multiple synchronous cutting and editing facilities for the Electronicam System. 


tion of electronic scan on these three 
tubes tends to produce a transmission of 
erratic contrast balance which is subject 
to some color fringe under the best of 
conditions. 

Considering several Electronicam units 
loaded with color film, we have quite 
comparable color-taking characteristics 
from camera to camera since these 
characteristics are dependent upon care- 
fully controlled emulsions which are 
uniform in the present state of the art. 
The Electronicam using one lens pro- 
vides no registration problem of the 
colors since color processes available 
from the several laboratories supplying 
color film are quite free of registry errors 
in the emulsion itself. 

These films then combined with the 
televising characteristics of the Du Mont 
Cinecon can convert the filmed record 
into color-television broadcast signals of 
high quality still free of any registration 


. difficulty since the Cinecon has a single 


lens and splits the color channels behind 
the film. 

It will be interesting to observe the 
trend of this team of Electronicam and 
Cinecon as a color-television tool in 
comparison with the other promises of 
magnetic-tape recording and other meth- 
ods of direct recording of color from 
color cathode-ray tubes. 

Direct live color pickup is difficult to 
control where very wide ranges of bright- 
nesses are encountered, for example, in 
outdoor recent 
World Series baseball games. Color 
film can readily be used under such 
circumstances. Once this film record is 
completed, then proper gamma com- 
pression and expansion circuitry can be 
applied with the Cinecon and its video 
circuits to make the best use of such wide 
latitudes of scene lighting to provide a 
good broadcast. 
be essential on newsworthy events such 
as the World Series, but this intermediate 
Electronicam method might have supe- 
rior uses for pickups which are worthy of 
delayed broadcast. We should point 
out that the Electronicam may be the 
answer to the need for a_brightness- 


pickups such as_ the 


Live telecasting may 


range-compressor which to date nas not 
been achieved in the live television gear. 
This brightness compression would con- 
sist of two parts: (1) the compression 
characteristics of the film itself; and (2) 
the further compression characteristics 
available with electronic gamma control. 

A film chain can perhaps be more 
readily controlled as to gamma transfer 
characteristics than would be practical of 
control when using several live cameras 
in succession in the field. 

The authors wish to express particular 
appreciation for the able assistance in the 
development of this equipment to 
Robert T. Cavanagh, G. Richard Ting- 
ley, Jesse Haines, Donald Pounds, and 
others of the Du Mont Research Labora- 
tories staff. 


Both 16mm and 35mm films were 
displayed at the Lake Placid Convention 
but cannot be portrayed here. These 
films illustrated black-and-white and 
color subject matter recorded by the 
Electronicam TV-Film System. In ad- 
dition, the motion pictures illustrate the 
actual control and operating methods 
employed in this type of motion-picture 
shooting. 


Discussion 


Frank Gillette (General Precision Laboratory): In 
both the systems I think you have three-lens 
turrets with a field lens behind each for the 
television channel. In other systems of that 
nature where various objective lenses are used 
it is common to switch the field lens, in order to 
get best distribution of light. Do you do this? 

Dr. Goldsmith: We simplify the system so only 
one lens need be changed when going from a 
given objective lens to a second objective lens. 
Only the objective lenses are switched. There is 
no switching of the field lenses because we havé 
an aerial plane which is the same size and shape 
and in the same relative position as the film 
plane. We simply pass that focused image on to a 
new focused position so it is at the same framing 
and the same focus as the film plane no matter 
what objective lens is used, in the geometry we 
use. 

Dr. Gillette: This is also true in the RCA color 
camera but there they still find it necessary to 
shift the field lens in order to obtain best dis- 
tribution at the image orthicon. 

Dr. Goldsmith: Here, we want the film to get an 
excellent quality reproduction so it is treated 
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with the highest respect in the optical design 
But remember the television picture is simply a 
view-finding tool. It is not necessary for that 
picture to have all possible refinements. But, we 
would note that the television picture is excellent 
We have excellent high-frequency response there 
and the pictures that come out of this system are 
more than adequate by a wide margin for the 
editing purposes to which we put them—for the 
viewfinder, the cameraman, the control room 
staff and the transcription. They are thoroughly 
comparable to broadcasting signals that we have 
today. We have not been broadcasting these 
signals on a simulcast basis but they could be 
used for that purpose 

Reid H. Ray ( Reid H. Ray Film Industries): What 
is the approximate weight of the two units, the 


motion-picture camera and your television 


camera? Both 16mm and 35mm individually? 
Dr. Goldsmith: As you noticed in the pictures, 
vas no attempt made in this particular 
apparatus to provide an optimum design of the 
electronic gear nor to compact the film mecha- 
nism and its sound blimping for best field port- 


abilitv. These are larger than necessary and our 


research laboratory is taking steps to eliminate 
that. I don’t know the exact weight of the 16mm 
but it is about 200 Ib, that is the part that comes 
up above the panning head. I’m not talking 
about the dolly because a variety of dollies are 
being used. The 35mm machine with its 2000-ft 
reel loaded comes close to 400 Ib. 

Henry Roger (Rolab Laboratories): Are all pic- 
tures taken at 24 or 30 frames per second? 

Dr. Goldsmith: The pictures in both these units 
are currently being recorded at the standard rate 
of 24 per sec. But by using a different motor 
drive the rate could be changed, particularly on 
the second model, the 35mm machine, where the 
light continues to go to both paths. Whether the 
film camera is running or not cannot be deter- 
mined by looking at the television picture be- 
cause there is continuous light in that path. This 
mechanism can be used for high-speed work as 
well as for low-speed work at rates other than the 
standard 24 frames. 

Mauro Zambuto (Trans-Films): In producing 
these pictures did you notice any limitation to 
the wide variety of lighting that is possible when 
you use a single camera and split the action in 


Color Video Switching 


In color video switching equipment, the nature of the encoded signal requires that 
particular care be taken to achieve, over the frequency band, constant amplitude 
and delay, low differential gain and phase, and low crosstalk. Furthermore, per- 
formance must be independent of the number of output circuits connected to a 
particular input bus. Equipment meeting these requirements has been operating 
in CBS color-television studios in New York and Hollywood since August 1954. 
The objectives were achieved by adding back-contact loading to maintain constant 
capacitance on each input bus, by compensating this capacitance with loading 
coils in each input bus, by reducing capacitance coupling through contacts, and 
by minimizing distortion in output coupling amplifiers. 


Q,, OF THE essential requirements of 


a television studio or master control 
center is a control device which can 
rapidly switch any one of several video 
signals to one or more output circuits 
Every live or film camera signal must be 
transmitted through such a studio switch- 
ing system, then, usually, through a 
master control switcher and, often, 
through additional video signal selectors 
in the more involved program origina- 
tions. These omnipresent video switch- 
ing facilities must be capable of rapidly 
changing video sigial routing combina- 
tions without introducing noticeable deg- 
radation in signal quality under any 
conditions of operation. 

Because of the rigorous requirements 
of the FCC-approved NTSC color system, 
the design specifications for a satisfactory 
color video switching unit become quite 


CBS Television Report No. E-3014-A, September 
19, 1955: Engineering Dept., CBS Tek: vision, 
Columbia Broadcasting Svstem, Inc 485 
Madison Ave., New York 22. 

(This contribution was received on C -tober 5, 


1955.) 


critical. The rather vulnerable location 
of the chrominance portion of an en- 
coded color signal at the upper end of the 
video band requires that uniform ampli- 
tude and_ phase-versus-frequency _ re- 
sponse be carefully maintained. As de- 
rived from the FCC Standards, the over- 
all transmission system for color signals 
must have amplitude response uniform 
within + 2 db from 15.7 ke to 4.2 me. 
This covers the entire system, including 
studio and master control equipment, 
telephone company circuits, the trans- 
continental network and the television 
transmitter. A reasonable portion of this 
amplitude-response tolerance which can 
be allocated for a video switcher may be 
taken as 0.3 db. Similarly, the switcher 
portion of phase delay should be held 
within + 0.02 usec; the differential gain 
below 1% and the differential phase 
below 0.5°. Crosstalk isolation between 
channels for any switching combination 
should exceed 50 db at frequencies up to 
5 me. 

All methods of switching video signals, 
whether by switch contacts, relays, tubes 


several parts because of the fact that now you're 
using three cameras and you have to strike a 
lighting that is more or less optimum for all of 
them? 

Dr. Goldsmith: There is a little different phi- 
losophy of lighting. The easiest way is to have 
general lighting and to shoot without much 
change of lighting except from one scene to the 
next. But with an Izenour Control Board and the 
rapid preset lighting conditions that we have in 
our studios in New York we can cue lighting 
changes for dramatic effects as quickly as we 
switch cameras. At the present time we aren’t 
using too much iris control of a remote nature on 
this, to free the cameraman of this film worry. 
He’s doing a television job. But as you go to a 
wider variety of programs with more dramatic 
effects in lighting there would be a necessity for 
some servo control of the exposure level adjust- 
ments in the camera. We now use a 5.6 or a 6.3 © 
stop, where our depth of focus is very good, and ‘ 
the TV is a very good means of insuring that 
you're right in the middle of that focal range . 
for the recording. 


By W. B. WHALLEY 
and R. S. O'BRIEN 


or crystal diodes, involve equipment hav- 
ing distributed capacitance and induct- 
ance. Consider, for example, the com- 
mercially available video switching units. 
When an output circuit isconnected to one 
of the input lines, a considerable capaci- 
tive load is placed in parallel with the 
line termination. This load consists of the 
switch capacitance to ground plus that 
of the output bus and of the coupling tube 
input circuit. As the required number of 
input 
capacitive load increases, and because of 


circuits increases, the switch 
increasing physical size, the length of 
each output bus increases. Furthermore, 
as an output bus increases in length, in 
combination with the capacitive loading, 
it may reach a sufficient electrical length 
to give “stub” loading of an input line. 
These conditions can readily result in a 
serious change in both chrominance 
phase and amplitude-frequency response. 

To retain the reliable and relatively 
trouble-free direct contact feature of the 
relay cross-bar system, refinements have 
been applied to commercially available 
equipment in present CBS-TV color 


af 
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Fig. 1. Schematic of a 75-ohm coaxial line 
having the shunt capacitance C in 
parallel with the 75-ohm termination. 
When C reaches 20.7 yyuf the phase 
angle at 3.58 mec (the color subcarrier 
frequency ) shifts one degree. 
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Fig. 2. Basic matrix of a video switcher having m terminated input circuits and n output 
circuits. Each output bus is connected through a high input impedance cathode 


follower, CF. 


installations.* The steps taken include: 
first, addition of back contacts and 
capacitors on video relays to maintain 
the equivalent of the total output bus 
capacitance across each input bus, 
whether the relay is open or closed; 
second, to compensate for this constant 
value of capacitance, loading coils are 
introduced in the input busses, convert- 
ing each bus to a lumped constant line; 
third, care is taken in output coupling 
amplifier design to reduce capacitance 
and minimize differential phase and gain; 
finally, crosstalk is reduced by provision 
of extremely low capacity coupling 


*It may be noted that other arrangements 
might be used. For example, each switching 
junction point might be isolated by a vacuum 
tube—requiring a rather tedious and frequent 
gain balance adjustment. Another suggestion 
would be to handle each color separately before 
encoding, but the triplicity of relays and fader 
amplifiers makes this cumbersome and introduces 
the problem of maintaining tri-channel gain 
balance 


TO 


through open relay contacts. The detail 
design considerations and a typical in- 
stallation are described herein. 


Effect of Capacitance on 
Chrominance Phase 


In order to adhere to RETMA tele- 
vision equipment standards it is neces- 
sary to employ 75-ohm nominal imped- 
ance input lines. With a 75-ohm line 
terminated accurately in a resistor or 
complex termination (dependent upon 
the length of linet) and fed with a 75- 
ohm output impedance video amplifier, 
the change in transmission with shunt 
capacitance may be calculated as set 
forth below. 

At frequencies above 0.5 mc, the line 
impedance becomes quite closely 75 
ohms, hence Fig. 1 shows the shunt 


+ W. B. Whalley, “Color-television coaxial 
cable termination and _ equalization,” Jour 
SMPTE, 64: 8-12, Jan. 1955. 


CATHODE FOLLOWERS 
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Fig. 3. Schematic of each compensated énput line showing the inductances L, and L, 
with extra switching sections S and capacitors C,. C,; with L, and L, form a constant 
impedance artificial 75-ohm line. 


OUT OuT’ 
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capacitance in parallel with the 75-ohm 
line termination. Since the line is assumed 
terminated at both ends, the net resistive 
value is 37.5 ohms. 

The change in phase angle a@ resulting 
from a circuit configuration of this type 
is: 


a = tan™' RCw (1) 


or C = (2) 


R 


(tan a) 


At the color subcarrier frequency of 
3.58 mc, a change in @ of 1° represents 
a change in hue of approximately one 
half of the minimum perceptible amount. 
Substituting R = 37.5 ohms, w = 27 
x 3.58 x 10° radians, and a = 1°, 

1.0 tan 1° 


(= 3 


= 20.7 puyf. 


Accordingly, video switching circuits 
must be designed so as to limit any change 
in capacitance during switching to less 
than 20 


Circuit Design 

Figure 2 shows the basic matrix of a 
video switching unit having m input lines 
each terminated in 75 ohms, and n out- 
put circuits, each coupled to an output 
bus through a cathode follower CF. The 
total capacitance which is added to each 
input line increases as the number (n) of 
output circuits increase. Also, as m in- 
creases, the capacitance of each output 
bus increases. 

In some relay-operated switching units, 
each crossover point may employ two 
relays designated as A and B relays. ‘Two 
relay busses working through an output 
transfer relay are used to provide more 
rapid switching between input circuits 
and to give minimum signal disturbance 
during switching, 

The capacitance C, of each output bus 


is: 
C, = m(C,; + Cz) + C; (4) 


where m is the number of input circuits, 
C, is the open circuit output capacitance 
of each switch or relay (A or B), Co is the 
capacitance of each _ interconnecting 
section of an output bus (A or B), Cz is 
the input capacitance of the cathode 
follower (including connector, if one is 
used). The first approach to reducing the 
undesirable effect of the large capaci- 
tance of each output bus was to consider 
the addition of loading coils between each 
pair of crossover points on each input 
and output line. This would convert each 
circuit into an artificial transmission line 
with the small capacitance of a single 
switch or relay contact between each 
loading coil. This would be quite satis- 
factory insofar as the input lines are con- 
cerned. Unfortunately, however, the 
effective length of each output bus may 
become so great as to have a major effect 
upon the amplitude-frequency response. 
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Fig. 4. Matrix (4A) and equivalent circuit 
(4B) for analyzing the ‘‘crosstalk’’ be- 
tween any two input circuits d and k for 
the condition in which all switch con- 
tacts are open. Cs is the open circuit 
capacitance between input and output 
terminals of one switch and C, is the 
total capacitance of each output bus. 


The physical length of each output bus 
increases with the number of input cir- 
cuits and with the lead length to the 
cathode follower grid. Thus, each bus 
becomes a “stub” line coupled to an 
input line. The worst conditions occur 
when lines | or m are switched to an out- 
put circuit, corresponding respectively to 
connection at the receiving or sending 
ends of the stub. 

The end loading impedance Z,, of such 
a stub is: 


Zoe = —jZ, cot 0 (5) 


where Z,. is the end loading of an open- 
circuit line, Z, is the iterative impedance 
of the line, and @ is the effective electrical 
length in degrees. Adding loading coils 
to any output bus increases the electrical 
length @ as rapidly as Z, increases. The 
product Z, cot 6 will, therefore, remain 
almost constant and no appreciable de- 
crease in Z,. will take place. Hence, there 
would be no improvement gained by 
adding coils to the output lines. 

The present design approach is to 
keep each output bus as short as possible, 
the capacitance at the output side of each 
switch or relay contact as small as possi- 
ble, and to have the cathode follower 
connected near the center of the output 
bus. Since Z.. is a negative imaginary 
quantity, each bus is treated as a lumped 
capacitance, to be compensated for by 
loading coils appropriately located in 
each input line. Next, it is necessary to 
compensate for the discontinuity when a 
switch opens, removing the output cir- 
cuit capacitance. The method used is 
shown in Fig. 3, where an additional 
switch contact adds a capacitance C; 
equal to C, [see Eq. (2)] when the output 
circuit is opened. Thus each input cir- 
cuit remains a constant impedance arti- 
ficial 75-ohm line whether or not the 
output circuit is closed. 

The value of inductance, Loe, for 
correct compensation of the capacitance 
C, is: 


Le = 0.00564C, = 2L, (6) 


By careful adjustment of L; and Lz» 
(see Fig. 3), and correct choice of Cs, 
amplitude-frequency response constant 
within 0.3 db to 4.5 me and within 0.5 db 
to 6 mc has been obtained for any 
switching condition. Yet this inductive 
compensation does not involve any in- 
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Fig. 5. Matrix (5A) and equivalent circuit 
(5B) for analyzing the ‘‘crosstalk’’ be- 
tween any two input circuits d and k for 
the condition in which all n switches are 
closed to one input circuit k and none are 
closed to input circuit d. Cx is the open 
circuit capacitance between input and 
output terminals of one switch and C, is 
the total capacitance of each output bus. 


crease in the physical size of the switch- 
ing assembly. 


Constancy of Delay With Frequency 


Each compensated line forms an 
artificial transmission line, whose cutoff 
frequency is: 

(7) 
LC, 
where C, is the quantity shown in equa- 
tion (4) and Lz is shown in Eq. (6). 


INPUT B 


TO GRID INPUT OF 
DISTRIBUTION OR 
MIXING AMPLIFIER 
(HIGH IMPEDANCE) 


Fig. 6. Schematic of typical CBS high input impedance cathode follower. The voltage gain is approximately 0.98. 
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When C, is sufficiently small, and the 
cutoff frequency is over 35 me, the 
variation in delay between 15.7 kc and 
3.58 mc is so small as to be negligible 
and well within the required tolerance 
of 0.02 usec. 

For one section of a low-pass filter of 
the “‘constant-K” type, the phase angle 
B at any frequency fis: 


B = 2sin™ (in degrees ) (8) 


The delay T at any frequency f is: 


1000 6 5.55... /f\ 


where £ is in degrees and f in kilocycles. 

As an example, if C, = 120 wuf, L2 = 
-676 wh; then from Eq. (7), f. = 35.3 
me. The change in delay between 0.1 mc 
and 7.0 mc is calculated as follows: 


T at 0.1 mc is 


5.55 0.1 
= 0.009002 
100 sin ).0090021 


T at 7.0 mc is 


5-55 (_7_ \ = 0 0090682 
7000 35.3) = 


The difference in time is less than 
0.00007 sec. Hence, for the afore- 
mentioned limit of 0.02 usec, some 300 
sections of L» and C,, corresponding to a 
switching panel with 300 output circuits, 
would have satisfactory delay character- 
istics to more than twice the color sub- 
carrier frequency. 


Cathode Follower Design, Differential 
Gain and Phase 


Each output bus is coupled to the ex- 
ternal load, which may be a distribution 
amplifier or mixing amplifier, by means 
of a cathode follower. It is important to 
choose a circuit with low input capaci- 
tance and high gain. There should also be 
low differential gain and phase and pro- 
vision for power failure. Figure 6 is the 
schematic of a double cathode follower 
circuit, which employs an adjustable in- 
ductance in the output lead to compen- 
sate for the capacitance of the output 
cable and grid circuit of the next ampli- 
fier. 

Choosing a relatively large value of 
cathode resistance Rx = 8200 ohms, 
the tube has a gain of about 0.98, and 
the input capacitance is reduced, meas- 
uring only 7 ywuf for each completely 
assembled grid circuit. 

The high value of Rx and the high 
impedance of the load result in a very 
low ratio of signal current to plate 
current (close ‘‘following’’), hence the 
differential gain is negligible, measuring 
less than 0.1%. Similarly, the cathode 


follower input grid capacitance remains 


with grid 


constant swing and _ the 


differential phase is also negligible, measur- 
ing less than 0.1°. 


Crosstalk Isolation 

Careful design is essential in all types 
of video switching units to keep crosstalk 
at a minimum. In color television this is 
of particular importance because of the 
relatively large amount of energy in the 
higher frequency end of the band. Each 
switch or relay contact has some associ- 
ated small value of open circuit ca- 
pacitance, Cs, between input and output 
terminals. The value of Cs depends upon 
the shape of the contacts and supporting 
fingers and upon the degree of shielding 
between the input and output terminals. 
Mounting the switches or relays through 
suitable openings in a conducting panel, 
so that all the input circuit lines are on 
one side and the output buses on the other 
side of the panel, much reduces the 
capacitive coupling. Given a well de- 
signed low open-circuit-capacitance relay 
the crosstalk between two input circuits 
may be considered for two typical condi- 
tions, the first (see Fig. 4) when all 
contacts are open, the second (see Fig. 5) 
when all the output buses are closed to 
one of the input circuits. 

In condition 1, the undesirable signal 
coupling is from input “d’’ through 
each open cirucit capacitance Cg to an 
output bus, from the output bus through 
a similar capacitance Cs to the “k’’ input 
circuit. It is readily seen that the cross 
coupling increases directly with n. 

In condition 2, shown in Fig. 5, the 
undesirable signal coupling is from 
input “d’’ directly through each ca- 
pacitance Cs to the line “‘k,”’ also increas- 
ing directly with n. 

Comparing the equivalent circuit Fig. 
4B, for condition 1 with the equivalent 
circuit Fig. 5B, for condition 2, it may 
readily be seen that condition 1 provides 
the greater isolation. This is caused by the 
additional attenuation of the capacitive 
divider section composed of nCg and 
nC,. absent from condition 2. Hence, 
condition 2 has the greatest undesired 
coupling and the crosstalk magnitude 
may be calculated as follows. The voltage 
Eq developed across input line d is: 


For any condition where the magnitude 
of the capacitive reactance is equal to or 
greater than 100 times the cable im- 
pedance (37.5 ohms), i.e. when 


1 


=> 3750 ohms, 
nCgw 


the equation simplifies to: 


= = 37.5nCgw = ¢ (11) 
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As an example, for the color subcarrier 
frequency f = 3.58 mc and for ¢ = 0.001 
(60 db isolation), 


0.001 ) 


1 
37.5 x 108 


= 


This shows that the open-circuit ca- 
pacitance Cg of each relay must not ex- 
ceed 0.118 yuf if ten output circuits and 
60-db isolation at 3.58 mc are required. 


Measurements 


Inductance Adjustments: While progres- 
sively adjusting the loading coils L; and 
L2 (Fig. 3) for the most uniform ampli- 
tude-frequency response, the resonant 
frequency of each coil and its associated 
capacitor Cs was checked with a grid- 
dip meter to keep the resonant frequency 
at the same value and, therefore, to 
assure the same value of inductance for 
each coil. 


Crosstalk: Crosstalk may be measured 
by supplying a suitable signal from a 
sweep generator to one input circuit 
and measuring the associated signal level 
at the termination of another input 
circuit, with all video contacts open 
on the first input and all closed on the 
second. With a wide-band high gain 
amplifier and calibrated oscilloscope, the 
ratio of voltages at each selected fre- 
quency may be obtained. 


Conclusion 


The rigorous requirements of the FCC- 
approved NTSC color television system 
make it necessary to greatly refine the 
electrical design and physical arrange- 
ment of the video circuits of studio 
switching units. By adding suitable load- 
ing coils to each input circuit and switch- 
ing the associated compensating capaci- 
tors through an extra contact on each 
switch position, uniform amplitude- 
frequency response has been obtained. 
The use of high value cathode resistors 
and series compensating coils provides 
cathode follower output circuits having 
negligible differential gain and differ- 
ential phase. Crosstalk is kept low by 
using relays with low open-circuit 
coupling capacitance and _ thorough 
shielding between the input and output 
circuits. 

Relay switching units with these de- 
sign features have been in use in the 
CBS color television studios at New York 
and Hollywood since August 1954, and 
transmission tolerances well within the 
NTSC specifications have been achieved. 
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Educational Television 


A session of three papers held on October 7, 1955, at the Society’s Convention at 


Lake Placid, N.Y. 


Are We Educating by Television? 


I HE ANSWER to the general question, 


“Are we educating by television?” is a 
definite despite much _ skeptical 
insistence to the contrary. As an educator, 
I should be standing before you with my 
head bowed in shame if the answer were 
anything else. Educators today have no 
choice in the matter, and we would be 
derelict in our duty if we failed to accept 
our fair share of responsibility to see to 
it that this newest medium of mass com- 
munication is used for something more 
than entertainment. 

Perhaps a sound reason can best be 
established if we examine a few statistics. 
For example, the director of research 
and planning for the National Broad- 
casting Co., on July 1, 1955, announced 
that as of that date, television installa- 
tions in this country had reached a new 
high of 36,477,000 sets. This represents 
an increase of 377,000 during June, and 
2,661,000 since January 1, or an average 
well over 400,000 a month. 

In a recent speech before a Washing- 
ton group, Federal Communications 
Commissioner Rosel Hyde revealed that 
approximately 75% of the families in the 
United States now have access to a tele- 
vision set, with a further estimate that 
some degree of television re« eption is 
presently available to more than 90% 
of the population. 


Juvenile Viewing Habits 

Now let us examine some of the figures 
on viewing habits, for they too are quite 
extraordinary. Testimony presented be- 
fore the Senate Subcommittee to In- 
vestigate Juvenile Delinquency revealed 
that children spend 2 to 3 hours a day 
before a television screen, or about 15 
hours a week. Other estimates suggest a 
comparable record for adults. These 
figures are all the more significant when 
we contrast them with the estimated time 
spent on other media of communication: 
newspapers, magazines and motion pic- 
tures. 

Estimates here indicate that the 
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average American spends approximately 
30 minutes a day with his newspaper; 
16 minutes a day on his magazine; and 
about an hour a week attending the 
movies. This is little more than 5 hours a 
week for all three-only about one-third 
the time spent on television. 

When we contrast the estimated view- 
ing time with the time a child spends in 
school, we again are struck with the depth 
of  television’s child 
spends 5} hours in school, 5 days a 
week, for approximately 36 weeks. At 
the same time he spends 2 to 3 hours 
each day, 7 days a week, for 52 weeks 
viewing his favorite television programs. 

Isn’t it obvious, therefore, that first as 
citizens, and then as educators, we both 
have a stake in and an obligation toward 
this medium which can exert such an in- 
fluence over our own thoughts, the 
thoughts of our children, and of our 


permeation. <A 


neighbors? 


Today’s Education Problems 


A brief examination of some of the 
pressing problems in education such as, 
for example, the figures released just a 
few months ago by the U. S. Com- 
missioner of Education, shows that public 
and private schools in the continental 
United States opened with 39,557,000 
students, an increase of 1,657,000 over 
that of a year ago. The Commissioner fur- 
ther pointed out that this is the 11th 
consecutive year of increased total en- 
rollments, and forecasts for the next 10 
years through 1965 indicate substantial 


increases for each year ahead. Think of 


what this involves in terms of buildings 
alone! 

If we are even partially successful in 
meeting the building needs of our school 
population at all levels, we shall witness 
the greatest school building construction 
program in the history of American edu- 
cation in a comparable period. In higher 
education, it has been estimated that, if 
past ratios hold, we shall need as much 
building space in the next 25 years as we 
have acquired in the past 200. Even if we 
reduce the comparison to the years of 
greatest development—namely 1900 to 
1955—-we still have a task of a magnitude 


The discussion for the three papers follows the third paper. 
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which has not yet penetrated public or 
professional understanding. 

Perhaps we ought to ask the profes- 
sional broadcasters to leave their trans- 
mitters and studios, and work with the 
general fraternity of educators, in an 
effort really to take measure of the 
new enrollment load. We talk about it, 
statistically wring our hands, raise some 
questions, but so far we have been dealing 
largely with abstractions. There is danger 
that we shall not really awaken to what 
is ahead until the enrollment is upon us, 
and we then shall frantically erect make- 
shifts—second rate at best—as we did 
after World War II. Fortunately we still 
have a little time to experiment with 
new ideas, new methods, new organiza- 
tion. 

It is in this setting that we must take 
the long look at educational broadcasting 
and see to it that it is brought from 
the periphery to the center of current 
practices. The film, the radio, and tele- 
vision must become major helps instead 
of incidental ones, if the critical chal- 
lenges facing us in education today are to 
be met. 

Quality in education, at all levels, is 
bound to suffer unless we recruit more 
effectively for teaching and plan more 
realistically to find new methods of 
teaching. 

In the presence of the almost over- 
whelming problem of teacher supply for 
the load ahead, the present academic 
indifference to the use of radio and tele- 
vision as teaching tools is difficult to 
understand. The traditional apathy of 
college teachers with reference to teacher 
recruitment and preparation was not im- 
portant as long as we had enough reason- 
ably good teachers to go around. Now, 
however, we cannot indulge in the lux- 
ury of indifference. In television we have 
a great new force in communication. To 
ignore its potential for teaching is neither 
scholarly, nor professional, nor sensible 
in the presence of the overwhelming 
load. 

It is not meant to imply here that all 
teachers should aspire to do their teach- 
camera. 


ing job before a_ television 


The television teacher must be endowed 
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with certain gifts of personality as well as 
a thorough knowledge of his subject in 
order to those gifts to his 
audiences. Experienced producers will 
testify that the popular classroom teacher 
may be a “dud” on television; and con- 
versely, that a previously not-noticed 
person may turn out to be most effective 


project 


before the camera. 

Teaching to me has one profound 
purpose: to take the vitality of what has 
gone before and make it a part of the 
reality of today and the promise of 
tomorrow. 

W ith stimuli for both eye and ear, with 
the advantage of immediacy, with the 
sense of intimate 
vision can broaden horizons, sharpen 
awareness of events and ideas and en- 
courage discussion at home as well as in 
the classroom. An authority in a given 
field can speak once on television with 
perhaps more effect than he can by 
many appearances before small groups. 
Scientific demonstrations, normally 
available only for close study by a 
small group, can be done very skill- 


participation, tele- 


fully and effectively for large groups of 


viewers before the camera. Television 
can complement classroom instruction 
by placing at the disposal of every school, 
large or small, all the resources of our 
great libraries and museums. 

The effectiveness of the teacher in 
broadcasting would be less important 
without another element in the new 


exploration. I refer to the large numbers 
of people who are eager for serious 


learning experience and who are anxious 
to undertake systematic study with the 
help of the teacher-broadcaster. 


The Case of a Pioneer 


There are many examples to demon- 
strate the point. In the field of higher 
education we might begin with one of the 
pioneers, Western Reserve University in 
Cleveland. At the latest count, their 
extension program on television was seen 
every day by 10,000 to 30,000 viewers, 
hundreds of whom registered for credit. 
Subject areas have included courses in 
child 
ment, biology, economics, history, sociol- 
ogy, comparative literature, speech and 
the arts. 


psychology, American  govern- 


As early as 1942 this university’s 
drama department started experiment- 
ing with television, using only dummy 
cameras. In 1947 Western Reserve staged 
its first live program, and in 1950 it began 
a series of half-hour programs on Sun- 
day afternoons. Apparently the audi- 
ences liked what they saw, and in the 
course of the following year, a daily half- 
hour program on a special subject was 
presented. The success of this experi- 
ment encouraged Western Reserve to 
approve the offering of regular university 
courses for television home study, with 
or without credit. That was in the fall 


of 1951, and the program has been pro- 
gressing ever since. 

Students may register for the regular 
telecourses on either a credit or non- 
credit basis. Those who register on a 
noncredit basis merely pay a nominal fee 
of $2.00 to $5.00 and receive a copy of 
the course syllabus. They do not sub- 
mit written work or take examinations. 

The student who registers for credit 
pays the regular university tuition of 
$20 a credit hour and receives a copy of 
the syllabus, all of the homework assign- 
ments and the privilege of taking the 
final examination. Purchase of a text- 
book also is required of those enrolled for 
credit. 

Detailed comparison of the academic 
records of the telestudents with campus 
students is available only for a course 
which was given some time ago. It is 
of interest to know that in Psychology 
101, the Psychology Department used as 
a final examination, a test of 110 multi- 
ple choice answers which had previously 
been given to 1240 students on the 
campus. The median grade of the tele- 
course students was 13 points higher than 
those who took the course on campus. 
As a matter of fact, using the curve 
created by classroom student grades, 24% 
of the telecourse students would have 
received grades of “A” and not a single 
one would have failed the course. 

The age range of those who reported 
during one typical year to have viewed 
the telecourses was from 19 to 68 years, 
with a median of 37 years. Their educa- 
tional background varied from some who 
had not finished grade school to others 
who had completed their advance grad- 
uate work. Approximately 82% had 
completed high school and approxi- 
mately 11% had completed college. 
Varied Experiences 

Similar success stories can be told from 
nearly fifty other institutions of higher 
learning. <A_ recent 
American Council on Education’s Com- 
mittee on Television reveals a total en- 
rollment of 12,000 students in 170 regular 
academic courses of the air, as they were 
offered for credit by 44 different institu- 
tions. The report further disclosed that 
in addition to accredited students, there 
were estimated audiences of 75 to 100 
thousand for some of the courses, bring- 
ing the grand total to a 
astronomical ten million. 

Moving down the academic scale, there 
are equally exciting 
stories to be found at the secondary school 
level. An unusual experiment was at- 
tempted this past summer over Station 
WQED, the educational station in 
Pittsburgh. When the Pittsburgh Public 
Schools were obliged to discontinue their 
regular summer sessions because of lack 
of funds, the gap was filled via television. 
Nearly 500 high school students thus were 
able to make up their school credit 


report from the 


probable 


interesting and 


deficiencies in English grammar and 
composition, American literature, 
algebra and United States history by 
paying a registration fee of $5.00 and by 
passing tests evaluated by the school dis- 
trict in which they were regularly en- 
rolled. The total cost to the station was 
$13,000, in contrast to the $200 to $300 
per student costs previously expended 
from school budgets. 

Equally successful, if not quite so un- 
usual, are the efforts of scores of school 
systems throughout the country that are 
planning and presenting television pro- 
grams regularly throughout the school 
year in cooperation with local commer- 
cial or educational stations—programs 
designed to supplement the active day- 
to-day curriculum needs. The public 
and parochial schools of Philadelphia are 
perhaps the oldest in terms of experience, 
but equally successful are more recent 
efforts in Boston, Schenectady, New 
York City, Baltimore, Washington, 
Adanta, St. Louis, Detroit, Cleveland, 
Columbus, Des Moines, Seattle and San 
Diego. 

Moving off campus and out of the 
classroom, and using the broad defini- 
tion of the term “educational” to en- 
compass the good play, the concert, the 
symposium on current events, the scien- 
tific exposition and the newscast, the alert 
teacher finds rich resources for assigned 
out-of-school viewing on such series as 
Omnibus, Conversations (those delight- 
ful visits with some of the wise elders like 
Carl Sandburg, Robert Frost, Frank 
Lloyd Wright, Bertrand Russell and 
others), American Inventory, Adventure, 
the Johns Hopkins Science Review, Mect 
the Press, You Are There, Robert 
Montgomery Presents and Studio One, 
to name but a few; and such memorable 
treasures as the one-time showings of 
Macbeth, Richard III, Peter Pan, and the 
recent productions of Skin of Our Teeth, 
and Our Town, not to mention Amahi and 
the Night Visitors, the musical drama 
written by Menotti especially for tele- 
vision. 

The Future 

By assigning programs such as these 
and discussing them later in the class- 
room, the teacher is able to assist her 
students to become more discriminating 
in their viewing habits. Just as she has 
long recognized her responsibility for 
guiding and developing the reading 
tastes of her pupils, so now she must 
undertake the responsibility for develop- 
ing good taste in listening and in viewing. 
Realistically she recognizes that what 
the child is and what he is to become, 
are influenced in no small degree by the 
television program which he views on an 
average of 2 to 3 hours a day. 

Does not all this suggest that a vast 
adventure in education lies before the 
American people? And does not it also 
suggest that it calls for the collective 
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efforts of all of us? You, the engineers and 
technicians, in this great movement have 
a long and enviable record of achieve- 
ment. It’s a far cry from the days of the 
flickering motion picture to the reality 
today of color and wide screens; from 
the days when a speaker shouted at the 
top of his lungs in an auditorium, to 


4 OPPORTUNITY for organizing a 
concerted effort in the behalf of educa- 
tional television arose from the so-called 
‘freeze’ in the construction of television 
stations which began in September 1948. 
CV broadcasting, whose early beginnings 
are traced back to the opening of the 
New York World’s Fair in 1939, began to 
show a lusty growth pattern immediately 
after the war. It soon became apparent 
that the channels allocated for television 
usage were not sufficient to provide for 
a truly competitive national television 
service. It also became apparent that 
early technical criteria as to the propaga- 
tion of television signals were based on in- 
adequate information. To correct these 
important difficulties, the Federal Com- 
munications Commission decreed a freeze 
in new construction in 1948 and began a 
study of a new allocation plan. 

The educational representatives, taking 
advantage of this “‘breathing spell,” be- 
gan to organize to present the case for 
educational television to the Federal 
Communications Commission. 


Formation of the Joint Committee 


On October 16, 1950, Richard Hull, 
then President of the National Associa- 
tion of Educational Broadcasters, called 
a meeting of representatives from seven 
national educational organizations who 
were already on record with the FCC as 
favoring reservations of television chan- 
nels specifically for educational purposes. 
This meeting resulted in the organizing 
of an ad hoc committee known as the 
Joint Committee on Educational Tele- 
vision. Keith Tvler of Ohio State Univer- 
sity was named Chairman, and Belmont 
Farley of the National Education 
Association was named Treasurer. 

On November 27, 1950, hearings be- 
fore the FCC began. With Telford 
Taylor as Counsel, the Joint Committee 
on Educational Television presented the 
case for educational reservations in be- 
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The Joint Committee on Educational 


the development of the sound system 
which makes it possible to bring thou- 
sands of listeners within easy range. 
And now you’ve put wings on our pic- 
tures in motion, so that they can be 
transmitted thousands of miles to wait- 
ing audiences! 

Mechanical technology and electronics 


Television—lIts Aims and Purpose 


half of the seven national educational 
groups. 

Some 76 witnesses testified as to 
whether channels should be reserved for 
the exclusive use of educational institu- 
tions. Five of these witnesses »pposed the 
reservations on the grounds that, for 
financial and other reasons, educators 
would probably not be able to use the 
channels, and that commercial broad- 
casters could provide sufficient time to 
meet educational needs. The remaining 
71 supported the reservations, presented 
evidence of the need for educational tele- 
vision stations, and demonstrated the 
uses of television in both in-school and 
out-of-school education. They showed 
that educational organizations need more 
time than commercial interests to make 
plans and establish stations. A total of 
838 colleges, universities, state boards of 
education, school systems and_ public 
service agencies submitted written state- 
ments urging the Commission to make 
the reservations. 

Organized education gave magnificent 
support to the reservations. The con- 
stituent members of JCET, the American 
Council on Education, the Association 
for Education by Radio-Television, the 
Association of Land Grant Colleges and 
Universities, the National Association of 
Educational Broadcasters, the National 
Association of State Universities, the 
National Council of Chief State School 
Officers, the National Education Associa- 
tion of the United States—these, and 
many other national educational groups 
representing literally thousands of educa- 
tional institutions, school systems, school 
administrators, teachers and other educa- 
tors, joined in the crusade. 

On March 22, 1951, under the aegis 
of the American Council on Education, 
the ad hoc Joint Committee on Educa- 
tional Television was converted into a 
permanent Joint Committee on Educa- 
tional Television. Richard Hull was 
appointed Acting Director and served as 
such for a short time before returning to 
his primary assignment at Iowa State 
University as Director of the University- 
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have expanded quite beyond the concept 
of the modern educator and we need 
your patience and your help to see to it 
that we harness these mechanical devices 
in such a way as to come safely to grips 
with this richest opportunity in history. 
The need is defined, the means are at 
hand, and the prospects are limitless. 


By 
E. ARTHUR HUNGERFORD, Jr. 


owned television station WOI-TV, in 
Ames, lowa. Ralph Steetle was then ap- 
pointed Executive Director on May 14, 
1951, and continues to this date, with 
headquarters at 1785 Massachusetts 
Ave., Washington 6, D.C. 


Activities of the Committee 

The JCET is active in the following 
areas: 

(1) The Committee continues to pro- 
tect the reserved educational channels 
and assist educators seeking to utilize 
these channels. 

(2) The Committee advises applicants 
for television stations with regard to the 
legal, engineering and programming 
procedures necessary to conform to the 
regulations of the FCC. It also provides 
expert consultants to educational groups 
to assist them in achieving their educa- 
tional goals. 

(3) The Committee helps schools and 
colleges evaluate the resources available 
to them for possible television program- 
ming and encourages the interchange of 
cultural values as between regions of 
the country. 

(4) The Committee assists in organiz- 
ing state, regional and national confer- 
ences on educational television and pro- 
vides the consultants to help such groups 
in their planning to use educational tele- 
vision wisely. 

(5) The Committee distributes regular 
publications on the national status of 
educational television and acts to be cer- 
tain that all areas can make use of 
the experience available from pioneer 
stations. 

Since the first announcement of the 
tentative allocation plan for television 
broadcasting in this country, the JCET 
has continued to support the reservations 
for educational channels and to contest 
any attempts by commercial groups, or 
otherwise, to upset the concept of these 
reserved channels. There have been a 
number of attempts by interested parties 
to have the educational reservation re- 
moved in certain specific cities. This has 
been particularly true where scarce VHF 
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channels are involved. The JCET has 
assisted the local authorities in combating 
these petitions. In all cases thus far they 
have been successful. 

In addition to the extensive legal 
services which the JCET has performed 
are other services and functions of great 
importance to the progress of educational 
television. One of the most important 
of these functions is the participation by 
the JCET in special conferences called 
to bring together educational leaders to 
coordinate their efforts in this field. 
The first such important conference was 
known as the Educational Television 
Programs Institute and was held during 
April 1952 at Penn State College, State 
College, Pennsylvania (now Penn State 
University). With President Milton 
Eisenhower as host, a considerable num- 
ber of college presidents and public edu- 
cation officials met to determine the best 
methods of using educational television. 
The results of this conference were far 
reaching for, occurring as it did only one 
week after the FCC announced the final 
television allocation plan, educators were 
clearly faced with the prospect of acting 
quickly to make use of the educational 
television reservations. If they did not 
do so, there was a good chance that 
commercial interests would be successful 
in acquiring some of the reserved chan- 
nels. 

Following the Penn State meeting there 
were many important state and regional 
conferences called to consider the activa- 
tion of educational television channels. 
One of the most important of these was 
the California Conference, called by the 
then Governor Warren, and attended by 
2,000 California educators. Committees 
examined every phase of the problem and 
the report which ensued represents a 
milestone in the coordinated action by a 
large group on an important state issue. 

In December of 1952 the Southern 
Regional Educational Conference was 
held in Atlanta, bringing together repre- 
sentatives of the 14 southern states to 
consider plans for the use of educational 
television in the south. A similar con- 
ference was held in New England in- 
volving Maine, New Hampshire and 
Vermont. 

The Joint Committee also participates 
in several major educational conventions 
providing demonstration of educational 
television, and setting up clinics to dis- 
cuss the many problems which face 
operators and planners in this field. In- 
cluded are the conventions of the 
American Association of School Admin- 
istrators, the National Education Associa- 
tion, the National Association of Educa- 
tional Broadcasters and the National 
Association of Radio and Television 
Broadcasters. 


Consulting and Information Services 


The JCET Consulting Services are 
one of its most vaiuable contributions. 
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Permanently on the staff are C. M. 
Braum, Engineering Consultant, and 


Walter B. Emery, Legal and Program 
Consultant. In addition, there are many 
part-time consultants in a wide variety of 
specialties who are called in as needed. 


In the public information area, JCET 
syndicates several publications designed 
to keep the national educational estab- 
lishment appraised of all important de- 
velopments. These are: 

1. JCET Reports, a reference service 
in educational television, including anal- 
ysis of applications for reserved chan- 
nels; FCC action concerning the educa- 
tional reservations; operation of stations; 
engineering developments and program- 
ming. 

2. Box Score on educational television, 
a monthly report of specific progress in 
terms of applications filed, construction 
permits granted, and commencement of 
operation of stations. 

3. Round-Up of the Nation’s Press, a 
monthly report of general progress in 
educational television consisting of re- 
prints of clippings from newspapers 
around the country. 

(4) Fact Sheet for educational journals, 
a monthly publication emphasizing 
trends, statistics, total national develop- 
ment and including bibliography supple- 
ment, report of workshops scheduled and 
new station personnel appointments. 

In educational circles it is well known 
that JCET is the most reliable and com- 
plete source of all information on educa- 
tional television. 

JCET today continues its dynamic 
program of service to a growing con- 
stituency. There are now 21 educational 
stations on the air. Three of these (Ames, 
lowa, Notre Dame, Ind. and Columbia, 
Mo.) operate as commercial stations with 
added emphasis on educational programs, 
and 18 operate as nonprofit educational 
stations, all but one on reserved channels. 
These 21 cities are: 


Houston, Texas (VHF) 
East Lansing, Mich. (UHF) 
Pittsburgh, Pa. (VHF) 
Madison, Wis. (UHF) 
San Francisco (VHF) 
Cincinnati (UHF) 
St. Louis (VHF) 
Ames, Iowa (VHF) 
Columbia, Mo. (VHF) 
Detroit (UHF) 
Seattle (VHF) 
Chapel Hill, N. C. (VHF) 
Munford, Ala. (VHF) 
Birmingham, Ala. (VHF) 
Lincoln, Neb. (VHF) 
Boston (VHF) 
Champaign, Ill. (VHF) 
Miami (VHF) 
Chicago (VHF) 
Columbus, Ohio (UHF) 
South Bend, Ind. (UHF) 


Three other cities have stations under 
construction: Oklahoma City (VHF), 
Memphis (VHF) and New Orleans 
(VHF). 

In many communities, organizations 
are actively working toward the opera- 
tion of educational stations. Educational 
authorities have estimated that as many 
as 40 stations are in sight in the next two 
or three years. 


The Record 

When considered in proper context, 
this record by the educators is truly re- 
markable. It has taken great courage and 
vast organizational skill to combine the 
many interests into effective organizations 
to operate educational television stations. 
No community has been allocated more 
than one channel for educational pur- 
poses. This means that many organ- 
izations must work together if the channel 
is to be used wisely. The JCET has made 
its greatest contribution acting as a 
catalyst to bring about successful educa- 
tional stations. 


Definition and Evolution 

There is great confusion as to just what 
constitutes educational television. With 
experience accumulating, the pattern is 
becoming clearer. It has been stated 
best perhaps by Dr. David D. Henry, 
President of the University of Illinois: 
“Educational television and radio is a 
misnomer. We should instead speak of 
televised education, so that the purpose, 
methods and outcomes will be measured 
by educational standards, not by enter- 
tainment and recreational standards, no 
matter how laudable or worth while the 
latter may be.” 


The greatest successes thus far have 
been in the areas where the program 
material has in effect been televised 
education. In-school programs both as 
supplementary and as direct curriculum 
support are becoming common practice 
in such cities as Seattle, St. Louis and 
Cincinnati. College level courses for 
credit and noncredit have also achieved 
substantial audiences. In the adult educa- 
tion field, many programs have succeeded 
in a great variety of subjects. It is 
becoming clear, therefore, that where 
educational television provides a new 
service in an area which it well under- 
stands, it finds a loyal audience. 


So it seems that education is moving on 
a very broad front to make the maximum 
use of television as one tool in the learn- 
ing process. The JCET can well take 
pride in the part it has played and will 
continue to play in assisting new educa- 
tional groups to enter educational 
broadcasting and in counseling those sta- 
tions presently on the air in the ever- 
present problems of day-to-day TV 
broadcasting. 


Educational Television 


A National Educational Television 


Program Service 


l HE Epucation vt Television and Radio 


Center is what the name implies, a Center 


for educational television stations —a 


Center in the s« fa national program 
exchange and also in the sense of a 
national program supplier 

When noncommercial educational tele- 
vision was still just an idea, far-sighted 
educators realized that some stations 
would have access to excellent resource- 
personnel and talent while other stations 
would suffer from the lack of these re- 
sources or the financing to develop them. 
Thus the idea of recording and exchang- 
ing the best programs from each station 
was an obvious development. 

Che Educational Television and Radio 
Center was established as a nonprofit 
organization with an initial grant from 
the Fund for Adult Education. Early in 
1954 it started distributing educational 
programs to the few stations then on the 
all 

[his paper is primarily a coverage of 
the technical operations of the Center 
so other aspects are noted only briefly. 

Che Center supplies a balanced pro- 
gram service in continuing series. As 
each series ends, it is replaced with an- 
other in the same general subject area. 
These program series are acquired by 
the Center in three basic ways: 

(1) Exchange, which utilizes existing 
programs supplied by individual educa- 
tional stations. 

(2) Audio-visual films. 

(3) Production under contract. 


Exchange programs are for the most 
part television recordings made by 
educational television stations 

Audio-visual films, which are of vary- 
ing length, are usually supported by a 
narrator who serves the dual purpose 
of explaining and expanding the film 
subject and filling the program to a pre- 
scribed time block. 

Productions under direct contract are 
both television recordings and film pro- 
ductions 

Ihe Center as a national exchange 
agency and a supplier of programs had 
first to consider the technical needs of the 
user of its programs and secondly to 
consider the available media cf program 
communication. Upon reviewing the 
industry, one initial fact became im- 
mediately evident and this was that 
standard 16mm recordings 
were the most economical type of produc- 


television 


tion. Upon these premises, the center 
proceeded to establish standards. These 
standards were established after: 
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(1) determining the changes and dis- 
tortion caused by transfer characteristics 
of the television film chain, the television 
transmitter and the average home re- 
ceiver; and 

(2) considering the quality achieved 
by producers of this type of television 
recording. 

Upon reviewing the multitude of 
methods and procedures followed in 
producing recordings and 
films, it was determined that no technical 
restrictions should be imposed on the 
producer if his final result was what the 
Center wanted; standards 
were limited to the description of a 


television 


therefore, 


print. 


The video portion was described in 
general terms of resolution, gray scale, 
etc., because there existed no practical 
technique for numerical evaluation. 


The print density span was, however, 
described in photographic terms and was 
determined after considering: 

(1) the operating limits of the image- 
orthicon pickup camera; 

(2) the available light in most projec- 
tors; and 

(3) the nonlinear characteristics of the 
negative film used. 

A desirable print was described as one 
in which the significant densities range 
from 0.4 to 1.9, that is, in large areas or 
areas which contain important picture 
information. Unimportant small areas 
may exceed this range. 

The audio was described in conven- 
tional terms of frequency response, dis- 
tortion, signal-to-noise ratio and rever- 
beration content. 

As a means of communicating these 
standards and the many programs and 
legal requirements, the Center has com- 
piled a Production Handbook which is avail- 
able to qualified producers. 

For viewing, a 40- by 60-in. screen is 
used at an average viewing distance of 
14 ft. This gives a viewing distance of 
about 43 picture heights which appears 
to be an optimum analytical viewing con- 
dition, because at this point errors in the 
projector optical system are only slightly 
apparent and the viewer does not con- 
fuse them with shortcomings on the film. 
If a smaller viewing aspect is used, some 
of the fine points, such as the focus differ- 
ences between cameras, are easily over- 
looked. Films are not viewed to obtain 
the effect on television but to analyze 
their technical qualities. The sound is re- 
produced with a 15-in. speaker in a 5-cu. 
ft. base-reflex cabinet, which, combined 
with a modified projector sound system, 
reproduces about everything on the film 
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so that an accurate sound evaluation may 
be made. 


Kine-Recording Experience 

As might be expected, the Center has 
encountered its greatest difficulties with 
television recordings. To assist this prob- 
lem a consulting service has been set up 
so the educational units producing for the 
Center may have excellent technical 
assistance at no cost to them. This service 
takes two forms; a consulting engineer 
visits the production unit and assists with 
his experience and know-how, then an 
evaluation and report back are given on 
examples of recordings submitted 
monthly. 

Of the various errors evident in many 
television recordings previewed by the 
Center, three predominate, in this order: 

(1) Lack of resolution. 

(2) Poor gray scale. 

(3) Poor sound pickup. 

These indicate a fact that the consult- 
ing engineers have verified consistently. 
Many complaints against television re- 
cordings should be directed at the studio 
technical crew and sometimes as far back 
as the lighting or the set. 

The Center maintains only viewing 
and editing facilities. It has two screening 
rooms and editing equipment to the 
extent of a moviola, a viewer, an optical 
sound reader, a magnetic reader and 
the necessary accessories plus the evalua- 
tion tools of a microscope and a densitom- 
eter. 

All prints are previewed, labeled, in- 
spected and, when necessary, edited by the 
Center before turning them over to our 
distributor, which is the University of 
Illinois. This distributor inspects and, 
when necessary, repairs prints after each 
station usage. In the event of damaged 
film, the spot is viewed and listened to 
and, if an appropriate cut is practical 
with no change in meaning or sense, a 
splice is made and blooped. Otherwise, 
replacement footage must be ordered and 
inserted. Stations are requested not to 
repair films more than is necessary to ait 
them. 

Temperature, apparently, has only a 
minor effect on films in storage. Humidity, 
however, must be controlled. de- 
humidifier is in constant use throughout 
the summer and water-boiling is occa- 
sionally necessary in the winter. By 
following these procedures, the Center is 
able to maintain a high standard of 
technical quality and obtain maximum 
usage from each print. 

Most programs are one-half hour long 
and there are an average of five prints per 
program. The Center supplies a mini- 
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mum of 5 hours a week to 16 stations; 
this adds up to more than 150 cans of 
film shipped each week. All distribution 
planning is done at the Center but the 
shipping, inspecting and maintaining are 
done by the Visual Aids Service of the 
University of Illinois. Upon the Center’s 
specifications, they set up a_ special 
Television Film Dept. which required 
certain departures from the usual audio- 
visual practices and incorporated most 
standard motion-picture film handling 
practices. 

The Educational Television and Radio 
Center by first establishing practical 
standards, then adhering to them, has 
been able to serve adequately the ever- 
increasing number of educational tele- 
vision stations, although at present the 
best TV recordings made commercially 
or educationally are only slightly more 
than adequate. 

The Center looks forward to higher 
standards and improved techniques for 
television recording and perhaps an im- 
proved medium. 


DISCUSSION 


Louie L. Lewis (Radio Corp. of America): 
The Fund for Adult Education has natu- 
rally been putting considerable emphasis on 
adult education. Has any emphasis been 
put directly on grade school or in-school 
type of work? 

Mr. Hungerford: The Fund for Adult 
Education is, as its name implies, interested 
in that phase of education; however, the 
Fund for the Advancement of Education 
has been very active in the subsidiary areas 
of secondary and elementary education. 
There is a high school series going on in 
Pittsburgh, following up on a summer ses- 
sion which will continue all during this next 
term. This is backed by the Fund for the 
Advancement of Education, which is also 
backing the New York University experi- 
ment. 

Glenn E. Matthews (Eastman Kodak Co.): 
The Papers Committee, in planning this 
morning’s session, recognized the develop- 
ment in this subject as a significant trend 
in this country in the field of education. 
Many people have probably read of the 
problems of getting teachers, and partic- 
ularly good teachers, and of paying suffi- 
cient salaries to new persons who show an 
interest in the field of teaching. As engi- 
neers, but more important, as American 
citizens, we have a tremendous responsi- 
bility toward the future to do everything 
possible to bring out the proper balance on 
educational aspects of our particular coun- 
try. It seems to me that this new tool of 


television is one way of offsetting the trend 
of teachers away from teaching. I feel we 
have a strong obligation to encourage this 
new tool and its uses. Specifically, I wanted 
to ask if any attempts have been made to 
beam in the programs of educational tele- 
vision to the state fairs of the country. 

Mrs. Broderick: The state fairs are one 
real possibility that, to my knowledge, has 
not been tapped. At the various educa- 
tional conventions throughout the country 
we have put on demonstrations to illustrate 
the kinds of programming that are being 
done by the Program Center, at Ann Arbor, 
as well as by schools and community 
organizations. We also have demonstrated 
the classroom utilization of a certain tele- 
vision program by having a teacher with a 
group of children show what she would do 
with a program as she and the children 
viewed it and discussed it in a simulated 
classroom experience. Mr. Matthews has 
given us an excellent suggestion for spread- 
ing the gospel still further, particularly be- 
yond the professional groups which we 
have been reaching so far. 

Cecil S. Bidlack (National Assn. Educational 
Broadcasters ): 1 would like to add a comment 
to Mr. Lewis’ question. While the Fund for 
Adult Education is not participating 
directly in a program of in-school broad- 
casts, there are a number of educational 
stations that are connected with school 
systems such as at St. Louis, Pittsburgh and 
Seattle, where they’re actually doing in- 
school broadcasts. 

Mr. Hungerford: In looking at the growth 
of the American economy through the years, 
there is perhaps only one significant thing 
to be said: that is, that the productivity of 
the individual worker has been increased. 
If this is applied to education, the rule there 
is that somehow we must extend the useful- 
ness of the individual teacher via every 
mechanical tool at our disposal in order to 
get greater efficiency in the educational 
system. 

Reid H. Ray (Reid H. Ray Film Industries): 
What percentage of the students who sign 
up for TV courses actually complete them? 

Mrs. Broderick: Between 35 and 40 
per cent of those who register and pay fees 
continue through to the end. A considerably 
lesser percentage see the courses through if 
they have not paid the registration fee. 

Thomas T. Goldsmith, Jr. (Allen B. Du 
Mont Laboratories): Yesterday we gave a 
paper on the Electronicam system of film 
recording using television techniques. We 
have done a series of 16mm recordings at 
Columbia University on educational tele- 
vision subject matter which turned out very 
well. And the quality of film record there on 
16mm, done for economy’s sake, is far 
superior to what you get on a regular kine 
recording. We discussed this with Dr. 
Partridge who worked with the Montclair 
State Teachers College educational tele- 
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vision work. We hope to do this kind of 
work in the educational field in other 
places too. 

Mr, Bidlack: 1 would add to Mr. 
DeLand’s paper that the Fund for Adult 
Education has made grants of funds to most 
of the educational stations now on the air; 
the grants were used to purchase kine- 
scope recorders. In that way they are pro- 
moting the production of programs for the 
center. I’m sure most educational stations 
would like to put their programs directly on 
film, if that were possible, and no doubt 
they would like to use this Electronicam 
system; however, lack of money seems to be 
their big difficulty. 

D. Lisle Conway (General Electric Co.): 
Has the JCET approached any of the 
major electronic manufacturers regarding 
the specific design of either pickup or kine 
equipment to be used for your particular 
purpose, and if so have you been able to 
tell them how much of this equipment you 
would require? 

Mr. Hungerford: No, there were no spe- 
cific approaches along that line. We 
have standard broadcast equipment in the 
studio work throughout the country and 
kinescope recordings were mainly of two 
types—largely General Precision Labora- 
tory with several RCA recordings. 

Mr. Conway: The reason I asked is that 
several of the manufacturers are building up 
an inventory of equipment which is either 
obsolete or taken in trade and some of this 
equipment might be used for your purpose 
if you were to approach the manufacturers 
and make your needs known. 

Mr. Hungerford: It would be well to follow 
your suggestion. 

Lt. S. P. Dittman (Army Medical Center, 
Washington, D.C.): Another area in which 
color TV has great promise is its use in medi- 
cal education and research. An example of 
success in this area is the University of 
Utah’s open circuit programs to remotely 
located practicing physicians. Their Audi- 
ence réaction surveys indicated that these 
programs were most informative and well 
received. Also, in the past four years or so, 
a few of our medical schools, the AMA, and 
the Smith, Kline and French laboratories 
have used, and still are using etfectively, the 
closed-circuit color television systems. 

At the Walter Reed Army Medical Cen- 
ter in the last two years, our color closed- 
circuit system has aided materially in the 
teaching of surgery and other medical sub- 
jects which otherwise have restricted view- 
ing areas. 

Editorial Note: The Army Medical Cen- 
ter’s work of the past two years was sum- 
marized in a large, three-paneled color 
transparency exhibit outside the session 
meeting room. Also, the field of televised 
education was covered by a poster exhibit 
provided by the National Citizens Com- 
mittee for Educational Television. 
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The Role of Resolving Power and 


Acutance in Photographic Definition 


The method of measuring resolving power and the factors that influence the meas- 
ured value are first described. The concept of acutance, which is an objective 
quantity that correlates with sharpness, is then explained. Experiments have 
shown that no unique correlation exists between definition, which is the 
quality aspect of a photograph that is associated with the clarity of detail, and 
either resolving power or acutance. A good correlation was found between 
acutance and definition, provided the resolving power was greater than about 
twice that of the eye for the conditions under which the photographs were viewed. 
A correlation with acutance was also found for lower values of resolving power 
when the acutance was weighted with a suitable function whose parameters de- 
pend on the resolving power and the conditions of viewing. 


= rERM “photographic definition” 
as used in this paper refers to the quality 
aspect of a photograph that is associated 
with the clarity of detail. This is the sense 
in which the term has been used ex- 
plicitly by the authors elsewhere! and in 
which it is used implicitly by other 
writers. The concept of definition is 
subjective because definition is an im- 
pression made on the mind of an ob- 
server when he views a_ photograph. 
Definition in this sense is a composite 
effect of at least four subjective factors: 
resolving power, sharpness, graininess 
and tone reproduction. In this paper, 


the relation of two of these factors 


Communication No. 1749 from the Kodak 
Research Laboratories, presented on April 21, 
1955, at the Society’s Convention at Chicago, 
by G. C. Higgins (who read the paper) and R. N 
Wolfe, Research Laboratories, Eastman Kodak 
Co., Rochester 4, N.Y. 


(This paper was received September 5, 1955.) 


resolving power and sharpness—to defini- 


tion will be discussed. 


Resolving Power 

The ability of a photographic material 
to record fine detail distinguishably is 
known as resolving power. The obvious 
way to measure this quantity is to 
photograph a suitable pattern on a 
greatly reduced scale and then to exam- 
ine the resulting developed image at 
whatever magnification is required to see 
the smallest detail that is resolved. 
Several of the patterns that have been 
used by various workers are shown in 
Fig. 1. In the Kodak Research Labora- 
tories, extensive measurements of re- 
solving power have been made on a 
series of films with some of these pat- 
terns.2, While the absolute values de- 
pended upon the type of pattern, the 
relative ordering of the films was essen- 
tially independent of the type. The test 
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Fig. 1. Typical patterns for measuring resolving power. In every case, the spaces 
have the same width Ji’ as the adjacent lines. 
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Fig. 2. Scheme of the test object used 
in the Kodak Research Laboratories. 
The numerals, which do not appear on 
the test object itself, represent the num- 
ber of lines per millimeter in the image of 
each group on the sample. 


object regularly used in these Labora- 
tories, which is shown in Fig. 2, consists 
of a series of three-line (tricolumnar) 
patterns in which the lines and spaces 
are of equal width and the length of the 
lines is great compared with their width. 
The number below each group of lines 
is the reciprocal of the distance in milli- 
meters between the centers of adjacent 
lines when the test object is copied at 
a reduction of 75 times, this being the 
reduction in the particular camera used. 
For this reduction, the numbers therefore 
represent the number of lines per 
millimeter. 

Since resolving power varies greatly 
with exposure, it is customary to make a 
graded series of exposures to the test 
object. From this exposure series, re- 
solving power is plotted as a function of 
exposure in the manner shown by Fig. 3. 
The broken curve is the D-log E charac- 
teristic curve of the photographic ma- 
terial. By plotting resolving power as a 
function of exposure on the same log-E 
axis, it is possible to relate resolving 
power to density. Each of the three 
resolving-power curves refers to a differ- 
ent luminance ratio in the test object, as 
indicated by the values of p. For all 
materials and all exposures, resolving 
power increases with the luminance 
ratio or contrast in the test object as 
exemplified by this figure. The single 
value of resolving power which is nor- 
mally given for a material is the maximum 
value, irrespective of the density at 
which this maximum occurs, and for 
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Fig. 3. Typical graph showing (a) D-log 
E£ curve as measured on an area of uni- 
form density, (b) resolving power vs. 
log exposure for three values of lumi- 
nance ratio in the test object and (c) 
maximum resolving power, regardless 
of exposure, vs. log luminance ratio. 
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Fig. 4. Resolving power of three ma- 
terials vs. /-number of the camera lens 
in light of \ = 546 mu. 


different materials, this maximum can 
occur at quite different densities. When 
the maxima for the various contrasts 
are plotted as a function of log luminance 
ratio, the approximately exponential 
curve in the figure is obtained. This 
curve always has the same general shape 
although it varies in detail with the 
material. When the material must be 
characterized by a single value, the 
value for a luminance ratio of infinity is 
usually given. It is evident that this or 
any other single value is only a part of the 
resolving-power story. For example, the 
resolving power might be very high at 
unit density and yet it might drop very 
rapidly as the density decreased to 0.5 
or increased to 1.5. The important 
feature is not the maximum resolving 
power, but whether the resolving power 
is ample over the range of densities that 
is to be used in making the negative. 
Experience indicates that it is incorrect 
to speak of the resolving power of a film 
or the resolving power of a lens by 
itself. More correctly, one must speak of 
the resolving power of the lens-film 
combination. This is illustrated in Fig. 4, 


in which the resolving power is plotted 
as a function of the relative aperture of 
the camera objective used to make 
resolving-power images on a series of 
different photographic materials.* The 
open points for an aperture of f/5 
represent the data obtained with an 
unusually well corrected lens used for 
routine determinations on _ ordinary 
photographic materials. While there is a 
real difference in resolving power be- 
tween the various materials as measured 
with this lens, all the values are rela- 
tively low, being of the order of 300 
lines/mm for the best material. How- 
ever, when these same materials are 
exposed in the same manner with a lens 
having an aperture of f/0.8 (the open 
points at the extreme right), the re- 
solving power of the 548-GH sample, 
which is a_ high-resolution film,* is 
increased from 300 to 1600 lines/mm. 
What is the resolving power of this film? 
Clearly, it depends upon the lens that is 
used to photograph the test object. 


The lens used in the resolving-power 
camera in the Kodak Research Labora- 
tories from 1917 to 1944 was a well- 
corrected telescope objective. In the 
latter year, it. was supplanted by the 
f/5 lens mentioned above, which is an 
air-spaced triplet with especially good 
correction for axial objects.“ When the 
resolving powers of the materials manu- 
factured by Eastman Kodak Co. were 
remeasured with the new lens, there was 
a general increase in the values com- 
pared with those obtained by the use of 
the telescope objective. For example, 
the resolving power of Kodak Super- 
XX Film (amateur roll) increased 
from 50 lines/mm with the old lens to 
95 lines/mm with the new one.t This 
raises the question of what is the resolving 
power of this material. It is clear that 
resolving power is not a unique function 
of the material, but is a function of the 
lens—film combination. 


The quality of the image formed by an 
optical instrument was first evaluated 
quantitatively by the astronomers, and 
since much of their work formerly in- 
volved the optical separation of objects 
having small angular dimensions, such 
as stars, they evaluated quality in terms 
of what we now call resolving power. 
It was therefore natural that, when the 
detail-rendering ability of the photo- 
graphic plate was first studied around the 
turn of this century,® it should also be 
evaluated in terms of resolving power.® 
No better quantitative criterion having 
been known, the resolving power of 
photographic materials and methods of 
improving it have been studied assidu- 
* Eastman Spectroscopic Film, Type 548-GH. 
ft This new lens is used for materials of 120 lines 
per mm resolving power or lower, since a lens of 
higher aperture does not cause the value of these 
materials to increase. Materials of higher re- 


solving power are tested with suitable lenses of 
higher aperture. 
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ously, and a great deal has been learned.’ 
This preoccupation with resolving power 
was justified because, in general, emul- 
sions of high resolving power make 
better pictures than emulsions of low 
resolving power. However, evidence has 
accumulated to indicate that resolving 
power does not always correlate with 
definition and in some instances may 
even be misleading. An example of this 
was given in an earlier paper in this 
Journal.§ 


Sharpness and Acutance 

Resolving power evaluated as just 
described is an important property of a 
photographic system. Nevertheless, it is 
a measure of only one of the factors 
affecting definition, namely, the ability 
of the system to reproduce, distinguish- 
ably, detail that is closely spaced. When 
a system has adequate resolving power to 
reproduce all the detail that can be 
distinguished by the hurnan eye for a 
given condition of observation, the 
quality of definition in the photographic 
reproduction is still dependent upon the 
sharpness of the image, that is, upon the 
appearance of the edges of well-resolved 
detail. For example, when a_photo- 
graphic film F in Fig. 5 is exposed while 
partially shielded by a knife-edge A, 
the image after development does not 
end abruptly at the knife-edge. Instead, 
as shown by the microdensitometer trace 
in the figure, which represents the varia- 
tion of density with distance across the 
edge on an enlarged scale, the image 
exhibits some drop in density near the 
boundary on the side which has received 
the high exposure and an increase in 
density in the region which has been 
shielded from exposure which 
should be clear. This shading of the 
developed image from the illuminated 
side of the edge to the unilluminated one 
can result from such causes as develop- 
ment and adjacency effects or the turbid- 
ity of the emulsion so that light is dif- 
fused laterally in the emulsion. 

It has appeared for some time that an 
edge trace, such as is shown in this 
figure, should give all the information 
required to obtain an objective evalua- 


a 


Distance on sample (x) 


Fig. 5. Typical density distribution in an 
image formed by a knife-edge. 
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Fig. 6. Definition in statistical (o) units 
vs. the distance of the film from the lens, 
the object being stationary. 


tion of the sharpness of the image, and 
indeed the late L. A. Jones and G. C. 
Higgins devised an objective measure of 
sharpness on this basis that was de- 
scribed in a paper® before this Society in 
1952 

Ihe procedure for obtaining this 
measure consists in dividing the edge 
trace into elementary sections having a 
constant length Ax and determining the 
slope of AD Ax, as shown in the figure, 
for each elementary section of the entire 
curve between certain limits, 4 and B. 
The average of the square of these 
gradients, G,*, is then computed by the 
equation 


GZ = (1/N)3(AD/Ax)*, (1) 


where .V represents the number of inter- 
vals of length Ax between A and B. 
Since it seemed likely that the subjective 
impression of sharpness should depend 
not only on this quantity but also on the 
total density scale 


DS = Dg — Da, (2) 
which is the difference in density between 


the two edges of the 
suggested that the product 


trace, it was 
originally 
G2?-DS might be the quantity that 
correlates with sharpness for varying 
values of DS. This objective correlate of 
sharpness was termed acutance. It was 
pointed out in the original paper that all 
the acutance values therein were ob- 
tained across edge traces having the same 
density scale and that the way the factor 
DS enters, if it enters at all, was therefore 
hypothetical at the time. On the con- 
trary, the present experimental data 
point to the likelihood that acutance 
should be defined as_ the 
DS 

lhis definition of acutance can be seen 
to have some intuitive significance. It 
can be proved mathematically that 


G3/DS = Gp/(xp — xa), ( 


where G,, is the average gradient AD, Ax 
measured at equal increments of D 
rather than equal 
and (x, — x,) is the distance over which 
the gradient exceeds a certain limiting 


increments of x, 


value. Now G,, is the stimulus, and the 


quotient of 


greater the stimulus, the greater is the 
sensation of sharpness. On the other 
hand, (xg, — x,) represents the distance 
over which the stimulus evokes a sensa- 
tion, and it appears 
assume that the shorter the distance 
across the edge over which the stimulus 


reasonable to 


evokes a sensation, the greater is the sen- 
sation of sharpness. This effect of the term 
DS is being actively investigated. For the 
present, whenever possible, all values 
of acutance will be determined by 
comparing edges for which the term DS 
is a constant. 


Definition 

In the earlier paper,’ it was shown 
that when the resolving power of a series 
of pictures is well above the limit set by 
the eye for the conditions of viewing, 
and when there is no apparent difference 
in graininess or tone reproduction be- 
tween the pictures, acutance correlates 
well with judgments of definition. To 
investigate the effect of resolving power 
on definition when it is at the limit set 
by the eye or lower, a series of pictures! 
was made in which both resolving power 
and acutance varied while graininess 
and tone reproduction remained con- 
stant. Photographs were made with one 
lens, one film and one test object, the 
latter being an aerial photograph. The 
changes in resolving power and acutance 
were introduced by making the photo- 
graphs at different focal positions, that 
is, with different distances between the 
lens and the film while the distance of the 
test object from the lens remained con- 
stant. The independent variable in these 
experiments was thus the position of the 
film in the camera along the lens axis, 
the position of the focal plane being 
bracketed. Matched prints were made 
from the resulting negatives, and these 
prints were ranked statistically for 
definition by a number of observers 
following a method recently outlined by 
Morrissey.’ The relative definition of 
the various pictures in terms of the 
statistical parameter o for a normalized 
function is plotted as a function of focal 
position in Fig. 6. It will be noted that 
the definition varied significantly as the 
film was moved from focal position 0 to 
8, being a maximum for position 4 and 
only slightly lower for position 5. 

Corresponding transparencies were 
made of the test object shown in Fig. 7, 
which consists of a large square for deter- 
mining acutance and graded tricolumnar 
patterns for determining resolving power. 
The negatives for these transparencies 
were made at the same focal positions 
as for the aerial scene. The average 
values of resolving power and acutance 
were determined for each focal position 
from these transparencies. The relative 
definition of the prints is plotted as a 
function of mean resolving power RP 


and mean acutance A’ in Fig. 8. 


Fig. 7. Test object containing patterns 
resolving power and 


for measuring 
acutance. 


Each focal position is represented in 
Fig. 8 by the same number as in Fig. 6. 
It is significant that these numbers 
rotate counter-clockwise in the curve for 
resolving power, as shown on the left. but 
clockwise in the curve for acutance, as 
shown on the right. This suggests that 
some mathematical combination of acu- 
tance and resolving power should furnish 
a quantity which will correlate with 
definition. The relation of average 
acutance to definition is approximately 
linear for focal positions 2 through 5. 
The curve for resolving power shows that 
for these focal positions, the average re- 
solving power is greater than 20 lines per 
mm (logarithm = 1.3), which is approxi- 
mately twice the maximum resolving 
power of the eye for the given conditions 
of observation, namely, when the pictures 
are viewed without magnification from a 
distance of about 14 in. 

The fact that acutance correlates well 
with definition when resolving power is 
greater than 20 lines/mm suggests that, 
as mentioned previously, acutance is the 
determining factor in definition when the 
resolving power in a_ photograph exceeds 
about twice that of the eye for the conditions 
of observation. Thus, acutance might be 
multiplied by a factor which is a function 
of resolving power but which approaches 
unity and thus has no effect when the 


resolving power exceeds about twice 
6 3 3g 5 
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Log RP or log A 
Fig. 8. Definition in statistical (o) units 
vs. (a) the mean resolving power KP 
of the picture to which Fig. 6 refers and 
(b) the mean acutance A’. 
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Fig. 9. Graph of the function that was 
used for modifying the values of acu- 
tance plotted in Fig. 8 to furnish an ob- 
jective correlate of definition. 
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Fig. 10. Definition in statistical (o) units 
vs. the function log A’:-/( RP) for each of 
the focal positions represented by the 
abscissas of Fig. 6. The straight line was 
drawn by the method of least squares. 


the resolving power of the eye for the 
conditions of observation, although it 
becomes increasingly significant as the 
resolving power diminishes below this 
value. The exponential function (1 — 
e plotted in Fig. 9 satisfies 
these conditions. The constant 0.007 
was selected in accordance with the 
resolving power of the eye for the condi- 
tions under which the pictures were 
judged for definition, namely, without 
viewing aids from a distance of 14 in., 
and would doubtless be different for 
other conditions. The mean value of the 
product of acutance and this function of 
resolving power is plotted as a function 
of definition in Fig. 10. There is now an 
excellent correlation between the two 
quantities. 

If the quantity A’-f(RP). 
averaged over a photograph, correlat+s 
with the definition of the photogra>) 
as a whole, it should likewise represent 
the definition at individual points within 


when 


a single photograph. Figure 11 shows 
the acutance A’ and the resolving power 
RP as a function of field angle for focal 
position 2. The broken curve shows the 
quantity A’-f/(RP). A close examination 
shows that resolving power is low in 
those parts of the field where the acu- 
tance is high, and wice versa. Nevertheless, 
this relation between resolving power 
and acutance should not be taken as 
indicative of a general rule; it appears 
only when the resolving power is limited 
by lens aberrations rather than by 


diffraction, or by a failure to focus the 
lens sharply, as in the present instance. 
When the resolving power is limited only 
by diffraction, as in the case of a sharply 
focused axial image made by a good lens 
at a moderate aperture, the conditions 
that lead to a high resolving power also 
lead to a high acutance. 

Images of the resolving-power and 
acutance test objects as obtained at two 
different points in the field for focal 
position 2 are shown in Fig. 12. The 
image at the left was made on the axis 
of the lens. At this position in the field, 
the image of the square is quite sharp 
but even the coarsest lines in the re- 
solving-power test object are hardly 
resolved. In the image at the right. 
made at a field angle of 15° off the axis, 
the finest lines in the resolving-power 
chart are resolved. However, the image 
of the square is now unsharp. This pair 
of pictures shows conclusively that, while 
both resolving power and acutance are 
important in overall definition, one can 
be high and the other low simultaneously. 
Moreover, when the portions of the 
aerial photographs at these points in the 
field were judged at the normal viewing 
distance of 14 in., they were considered 
to have equal definition, as would be 
expected from Fig. 11. The picture on the 
axis (lefthand image) had all edges and 
all isolated material very sharply de- 
lineated but the observers were unable 
to detect some fine structure, such as 
branches, telephone wires and other 
minute details. On the other hand, 
while the picture at 15° from the axis 
(righthand image) reproduced the fine 
detail satisfactorily, the well-resolved 
details, such as the edges of buildings, 
were quite unsharp. 
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Fig. 11. Resolving power, acutance and 
the combined function described in the 
text vs. field angle for focal position 2. 


Discussion and Conclusions 

It must be emphasized that the ex- 
amples cited represent such a limited 
amount of data that they should not be 
used as a basis for general conclusions. 
The data were obtained from photo- 
graphs made with only one negative 
and one positive emulsion, and the 
characteristics of the photograph were 
varied in only one particular way, 
namely, by varying the focal position of 
the film. It should also be emphasized 
that in this investigation of the relation 
of acutance and resolving power to 
definition, the measurements of acutance 
and resolving power were made on the 
positive transparencies. The relation of 
acutance and resolving power in the 
print to the corresponding properties of 
the lens, the negative and the printing 
system are now being investigated. 
The negative material has _ hitherto 


received most of the attention, but the 
other factors cannot 


be disregarded. 


Fig. 12. Reproductions (enlarged) of the images of the test object at focal position 2 
for two points in the field where the definition was found to be equal. Left, on the axis, 
where acutance is high but resolving power is low; and right, 15° to the right of the 
axis, where acutance is low but resolving power is high. 
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If a certain printing process will not 
make a print having a resolving power 
greater than 10 lines/mm when the 
negative has a resolving power of 100, 
of what avail is it to increase the latter 
figure to 200? 

[his objective measure of definition 
based on acutance and resolving power 
has been used to analyze a set of color 
motion pictures which had significant 
differences in definition. The objective 
evaluations ranked all the pictures in 
exactly the same order as the judgments 


of definition by 22 observers. Conse- 


quently, we feel that the objective 


quantity represented by the combination 
of acutance and resolving power corre- 
lates so closely with definition that it can 
be used tentatively as a basis for evaluat- 
ing this aspect of picture quality, even 
though further study may indicate that 
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it may have to be modified to some 
extent to fit various situations. 
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The Effect on Definition of the Stage 


at Which Reduction Is Performed 


in Reduction-Printing Processes 


When reduction prints are made by a process involving duplicating positives and 
negatives, the size reduction can be made at any convenient stage. 


Color prints 


have been prepared from color negatives at a reduction of two to one and ranked 
for definition. The reduction was made at a different stage for each print, and it was 
found that, for best definition, the reduction should be postponed to as late a stage 


in the process as is feasible. 


Win THE advent of various types 
of wide-screen motion pictures, the 
increased magnification required to fill 
the larger screens has resulted in an 
apparent decrease in definition on the 
screen. Since the positive materials have 
significantly lower graininess, higher 
resolution and better sharpness than 
negative materials, one way to improve 
definition is to increase the size of the 
negative and make the prints by a 
reduction-printing process. The question 
then arises as to the optimum size of 
negative from a practical standpoint. 
The subject of definition and _ its 
relation to such characteristics as re- 
solving power have been discussed in the 
preceding paper,’ but for the present 
purpose, an empirical approach was 
called for rather than an analytical 
study. A series of negatives of the scene 
was therefore prepared in which the 
negatives had relative sizes of 1, 1.5, 2 
and 3. The negatives were made by copy- 
ing a masked 8 X 10 Kodak Ektachrome 
transparency on Eastman Color Nega- 
tive Film, Type 5248. All the negatives 
were made with a 90mm /f/4 lens, and the 
size of the images was varied by varying 
the object distance. The larger negatives 
were then reduction-printed on Eastman 
Color Print Film, Type 5382, with a 
standard Acme printer. The reductions 
were such that all prints were of the 
same size as the contact print from the 
smallest negative. These prints were then 
judged for both definition and graininess. 
Every judge considered the contact print 
to be inferior from the standpoint of 
definition to the prints made from the 
large negatives, but there was little 
indication of any preference among these 
latter prints. From the standpoint of 
definition, then, the optimum relative 
size of negative to positive is 1.5:1 in 
the case of these particular materials. 
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When the same prints were judged for 
graininess, every observer chose the 
print made at a reduction of 2:1 over 
the print made at a reduction of 1.5:1. 
However, only 68% of the observers 
chose the print made at a reduction of 
3:1 over the print made at a reduction of 
2:1. 

These prints were all direct optical 
reductions involving no intermediates. 
For this condition and for these par- 
ticular materials, then, the optimum 
practical reduction for good definition 
and low graininess is 2:1. There would 
be only a small decrease in graininess 
and no improvement in definition if the 
relative size of the negative to the posi- 
tive were made 3:1. 

Passing now to the common situation 
where the printing process involves 
intermediate separation positives and 
internegatives and assuming that the 
overall reduction is 2:1, the question 
arises as to the best stage for making the 
reduction. To investigate this problem, 
two negatives were prepared which 
had relative sizes of 2:1, the larger of the 
two being a standard 35mm frame so 
that all the printing operations could be 
performed on standard equipment. These 
negatives were made by copying a 
masked 8 X 10 Ektachrome transpar- 
ency on Eastman Color Negative Film. 
All the negatives were made with a 
motion-picture camera fitted with a 
90mm, f/4 lens, and the image size was 
varied by varying the object distance. 
The negatives were made by copying a 
two-dimensional picture to eliminate the 
changes in definition that would be 
introduced by changes in depth of field if 
an actual three-dimensional scene were 
photographed. In this paper, the only 
parameters are the size of the negative 
relative to the positive and the stage in 
the process where the reduction is per- 
formed. The seven procedures to be 
described are indicated graphically in 
Fig. 8. The problems associated with 
changes in depth of field and perspective 
are discussed in the following paper.* 

To obtain a print for comparison, the 
smaller negative was contact-printed 
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directly onto Eastman Color Print Film, 
as shown schematically in the sixth line 
of Fig. 8. A single frame from the motion 
picture is shown in Fig. 7. 

The larger negative was printed at a 
reduction of 2:1 directly onto Eastman 
Color Positive Film, as shown schemati- 
cally in the third line of Fig. 8. A single 
frame from the motion picture is shown 
in Fig. 3. This reduction print has the 
same size as the contact print from the 
smaller negative. When this print was 
compared with the contact print, every 
observer agreed that it was much 
sharper and finer-grained. 

The same negative was then printed 
at a reduction of 2:1 on Eastman Pan- 
chromatic Separation Film, Type 5216. 
These separation positives were then 
contact-printed onto Eastman Color 
Internegative Film, Type 5245, and this 
color internegative was contact-printed 
onto Eastman Color Print Film, Type 
5382. This process is shown schematically 
in the last line of Fig. 8. A single frame 
from this print is shown in Fig. 6. Every 
observer judged this print to be inferior 
from the standpoint of both graininess 
and sharpness to the previous print 
(Fig. 3) representing a direct reduction 
from the same negative without inter- 
mediates. 

The negative was next contact-printed 
onto the separation positives and the 
separation positives were printed at a 
reduction of 2:1 onto the color inter- 
negative, which was, in turn, contact- 
printed onto the color positive, as shown 
schematically in the fifth line of Fig. 8. 
A single frame from this print is shown in 
Fig. 5; 91% of the observers chose this 
print as having better sharpness and 
finer detail than the previous print 
(Fig. 6). 

As shown schematically in the fourth 
line of Fig. 8, a print was then made by 
contact-printing the color negative onto 
the separation positives, contact-printing 
the separation positives onto the color in- 
ternegative, and printing the color inter- 
negative at a reduction of 2:1 onto the 
color positive. A single frame from this 
print is shown in Fig. 4. Only 64% of the 
observers reported that this print had 
finer grain and better sharpness than the 
previous print (Fig. 5). 

The negative was also contact-printed 
directly onto the color positive, as 
shown schematically in the first line of 
Fig. 8. A single frame from this print is 
shown in Fig. 1 enlarged to the same size 
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as the others. To make judgments of 


relative definition between this print 
and others in this series, it was projected 
with a lens having twice the focal length 
employed for projecting the reduction 
prints. Under this condition of projec- 
tion, where all the pictures are of the 
same size, as in the color plate accom- 
panying this paper, every observer stated 
that this contact print of the larger 
negative had the best definition and the 
lowest graininess of any picture in the 
scrics 

The final print was made as shown 
schematically in the second line of Fig. 8. 
The larger negative was contact-printed 
onto the separation positives, the separa- 
tion positives were contact-printed onto 
the color internegative, and finally the 
color internegative was contact-printed 
onto the color positive. A single frame 
from this picture is shown in Fig. 2. 
This print was judged by all observers 
to be less sharp and more grainy than 
the print of the same size which was 
made by contact printing (Fig. 1). 

It should be emphasized that, with 
the exception of the contact print from 
7), all prints in 
this series were made from the same 
identical negative. 


the small negative (Fig. 


When these negatives of the masked 
Ektachrome transparency were made, a 
resolving-power chart and an acutance 
isolated 
square were also photographed. The 


test object consisting of an 
values of resolving power, acutance and 
relative definition obtained with the 
use of these test objects are tabulated in 
the chart of Fig. 8. The values of re- 
solving power in lines per millimeter as 
measured in the print are in the first 


column. The second column gives the 
values of acutance, G,*, DS, which is the 
objective correlate of sharpness, as de- 
scribed in the preceding paper. The unit 
of distance used in evaluating G, was the 
millimeter.* The third column gives 
the relative ordering of the pictures 
from the standpoint of definition as 
judged subjectively, the first having the 
best definition and the last, the poorest. 
The last column indicates the percentage 
of observers who placed the pairs of 
adjacent prints in the order shown. 

An examination of the resolving 
power indicates that this criterion by 
itself is of litthe use in ranking materials 
from the standpoint of definition. The 
best print does have the highest resolving 
power; however, the next two prints, in 
order of definition, have essentially the 
same resolving power even though every 
observer stated that one has significantly 
better definition than the other. Simi- 
larly, the last four prints all have essen- 
tially the same resolving power while they 
differ significantly in definition, as in- 
dicated by the judgment column at the 
right. On the other hand, the acutance 
values, G,*/ DS, ranked the materials in 
exactly the same order as the subjective 
judgments of definition. 

Since the relative values of definition 
shown here were obtained by comparing 
still pictures, it seemed desirable to verify 
these conclusions by motion pictures. 
A motion-picture print was_ therefore 
made from each of the various negatives, 


* The ordinary unit for such minute distances is 
the micron, but the millimeter leads to a value 
of acutance 10° times as large and avoids the 
use of decimals within reasonable limits of pre- 
ision 


Figures 1-8 follow on pp. 34 and 35 


and it confirmed the judgments made on 
the still pictures. 


Conclusions 


On the basis of these data, therefore, 
it was found, as might be expected, that 
the farther one proceeds before making 
the final reduction in a_reduction- 
printing process employing intermedi- 
ates, the better the definition. It is 
especially desirable to make the separa- 
tion positives the full size of the nega- 
tive because the loss of definition (as 
compared with contact-printing) is much 
greater when the reduction takes place 
in making these positives than when it 
takes place in printing them on the 
internegative. 

It is important to note that, while as 
far as possible all printing operations, 
both contact and optical, were made in 
accordance with good motion-picture 
practice, the results from a quantitative 
standpoint must depend upon the charac- 
teristics of the lenses and the printers. 
Moreover, these conclusions apply only 
to the specific films investigated. Al- 
though these conclusions might be 
different for other materials and may be 
modified by improved printing tech- 
niques or improved photographic ma- 
terials, they are in qualitative agieement 
with present-day practice. 


References 


1. G. C. Higgins and R. N. Wolfe, “The role of 

resolving power and acutance in  photo- 
graphic definition,” Jour, SMPTE, 65: 
26-30, Jan. 1956. 
R. N. Wolfe and F. H. Perrin, “Depth of 
field and perspective considerations in wide- 
screen cinematography,” Jour. SMPTE, 65: 
37-42, Jan. 1956. 


January 1956 Journal of the SMPTE Volume 65 


4 » 
by 
52 
i 


bes 


Zuryew ul uoyonpes 


azis ou 


> 
= 
= 
s 
2) 
3 
s 


| 
34 


2865 


BLS 


| | 


UIMOd. ONY “FONVLADV 


= 
= 
s 
on 
| 
‘3 
i=} 
ra) 


‘saayisod uoyesedas Suiyew ul JO[OI ul 


Higgins, Lamberts and Purdy: 


_1\/\/ 
‘ete. 
> | 
35 | 


i 
| 
\ 


Cinematography 


Depth of Field and Perspective 


Considerations in Wide-Screen 


To improve definition in wide-screen cinematography, negatives are often made 
with a frame size larger than standard. The result is to decrease the depth of field 


in proportion to the first power of the linear dimensions of the negative unless the 
lens aperture is made smaller. This reduction in depth is less than when a close- 
up is made on a standard negative with the same camera magnification, in which 
case the loss is proportional to the square of the camera magnification; it is for this 
situation that the usual tables are computed. The depth of field can be restored by 
increasing the /-number correspondingly in any case, but this introduces lighting 
problems. Increasing the size of the screen without changing the size of the 
negative also decreases the depth of field proportionately to the increase in 
screen size. This effect is superposed on the change in depth of field arising 


from a change in negative size. 


A, DESCRIBED in the preceding paper,' 
it has been confirmed by controlled 
experiments that definition and graini- 
ness on the screen are notably improved 
by making a negative that is larger than 
standard and then projecting it at the 
normal screen size. The test object used 
for these experiments, however, was a 
scene in a single plane perpendicular to 
the optical axis. The purpose of the 
present paper is to show what happens 
when the scene is_three-dimensional, 
that is, when some elements are nearer to 
the camera or farther from it than the 
plane on which the camera is sharply 
focused. The subjects involved in this 
paper are thus depth of field and per- 
spective. Since the scene will be repro- 
duced in only two dimensions, no prob- 
lems of stereoscopy enter. Notwithstand- 
ing this restriction of the subject matter, 
only a few features of the greatest interest 
can be considered in the present brief 
treatment. 


Magnification 


To avoid confusion, the terms that 
are used must be specified exactly. In 
Fig. 1 the camera is focused on an object 
of height y at a distance s and the re- 
sulting image in the negative has a 
height y’. When the negative is printed, 
the image on the print has a height 
y’’, and when the print is projected, the 
height of the image on the screen is y’’’. 
The camera magnification m, is approxi- 
mately equal to the focal length of the 
camera lens f divided by the distance s 
from the camera to the point in the 
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scene on which the camera is focused, or 

me = y'/y = f/s. (1) 
The values of the linear magnification 
in the printer and in the theater, re- 
spectively, are 


m, = y'’/y’ and m = y'’’/y 


but since we are not interested in these 
individual values, we shall define a term 
“enlargement” by the equation 


By ROBERT N. WOLFE 
and FRED H. PERRIN 


The overall linear magnification from 
scene to screen is then 


m = Mm,. (3) 


Perspective 

When the scene is photographed, the 
camera is presumably placed so that a 
certain desired effect of perspective is 
produced, and if the scene were repro- 
duced at its natural size on the screen 
this same effect of perspective would be 
experienced by an observer at the same 
distance s from the screen. To see what 
happens when the overall magnification 
is not unity, consider Fig. 2, which is 
copied in part from Fig. 1. The angle a 
subtended at the camera by the original 
object is approximately proportional to 
y/s. The angle a’ subtended by the 
image on the screen when the observer is 
at a distance v is likewise approximately 
proportional to my/v. The condition for 
making a’ equal to a is obviously that 


v = ms. (4) 


The perspective is then correct for objects 


m, = mm, = y'’'/y’, (2) on which the camera was focused, and a 
Scene 
Camera Negotive 
y 
| | 
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ti Printer 
— Print 
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Fig. 2. Perspective relations between the camera and the observer in the theater. 
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Fig. 3. Diagram to illustrate derivation of equation for depth of field on near side. 


more elaborate analysis would show 
that it is also correct for all the other 
objects in the three-dimensional scene. 
It may be that no seat in the theater will 
satisfy this condition, and indeed it may 
even be that a conscious attempt was 
made to produce an effect of distorted 
perspective when the scene was photo- 
graphed. The importance of this equa- 
tion for our immediate purpose is as a 
yardstick to measure the constancy of the 
perspective. That is, we have the rule 
that the perspective for any given observer 
ts unchanged if the product ms is unchanged; 
if this product equals the distance from 
the observer to the screen, the perspec- 
tive is additionally correct in the sense 
that the angular relations of the objects on 
the screen are the same as they would have 
been for the original objects in the scene had 
the observer been standing at the camera. 


Depth of Field 


The formulas relating to depth of 
field are more complicated than those 
relating to perspective, and have fre- 
quently been misinterpreted. Indeed, 
confusion sometimes starts with the 
definition of the term itself. In optical 
theory, depth of field is the distance along 
the optical axis in the object space over 
which objects are in tolerably sharp focus 
under the given conditions of observa- 
tion. The term “depth of focus” has 
frequently been used synonymously, but, 
in optical theory, depth of focus relates to 
the maximum permissible displacement 
of the film from the plane of true focus 
when the entire scene is in a plane per- 
pendicular to the lens axis. It is true that 
the pattern of the circles of confusion that 
limit the depth of field can be transferred 
to the image space and the pattern of the 
circles that limit the depth of focus can 
likewise be transferred to the object 
space, but depth of field and depth of 
focus themselves are different concepts. 
Depth of focus is measured in microns; 
the depth of field is frequently infinite. 
We shall be concerned here solely with 
depth of field. 

As the overall magnification is in- 
creased, even the objects on which the 
camera was focused will eventually be- 
come perceptibly unsharp. Although this 
probably takes place in cinematography 
under certain conditions, such situa- 
tions cannot be discussed in a paper of 
the present compass. We can consider 


only the conventional case, for which 
the objects in the plane of best focus are 
reproduced so sharply that the observer 
would not be aware if any improvement 


were made. In Fig. 3, a lens whose en- 
trance pupil has a diameter d is focused 
on an object plane F at a distance s. 
A point P in this plane is imaged sharply 
on the film at P’. On the other hand, a 
point O nearer to the lens than P would 
be imaged at O’ if it were not intercepted 
by the film; actually, it forms a disk of 
diameter c’ on the film. From the stand- 
point of the photograph, this disk is the 
image, not of point O at the distance L,, 
but of a disk having a diameter ¢ in the 
plane F on which the camera was 
focused. Simple geometry shows that 


D 


Fig. 4a. Photographs illustrating effect of 
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If the diameter ¢ is assigned a certain 
critical value that will be specified 
shortly, the quantity D,, is defined as the 
near depth of field. An analogous argument 


for another point beyond the plane F 


wou!d show that the far depth 


cs 


D = (6) 
so that the fotal depth 
2csd 
D=D,+D, (7) 


The quantity ¢ is the diameter that 
corresponds in the scene to the maximum 
circle of confusion on the screen that the 
observer will tolerate as the image of a 


point. If c? is small compared with the 
square of the linear diameter of the lens 
stop d*, it can be neglected and Eq. (7) 
can be written as 


D= (8) 


This is usually the case for paper prints, 
but in cinematography, many theater 
seats are so far from the screen that the 
permissible circle of confusion in the 
scene may be even greater than the 
diameter of the camera lens. An example 
will be given at the end of the paper. 

The quantities appearing in Eq. 8 are 
not the most convenient ones for com- 
putation and analysis, because those 


varying the optical conditions on depth of field. 


quantities rarely represent the known 
data, and it is desirable to make two 
substitutions. The first substitution is the 
f-number, N, in place of the diameter of 
the entrance pupil d, which is simple since 
d = f/N, where f is the focal length. 
The second is the diameter c’’ = me of 
the maximum circle of confusion on the 
screen that the observer will tolerate as 
the image of a point instead of the diam- 
eter c of the corresponding circle in the 
original scene. The diameter c’’ of this 
circle on the screen equals the product 
of the overall magnification m and the 
diameter c of the corresponding circle in 
the scene. With these substitutions, Eq. 8 
becomes 
2sc’’N 
The value of c’’ is the product of the 
viewing distance v and the minimum 
angle @ in radians that a circle can 
subtend at the eye and still be prac- 
tically indistinguishable from a_ point. 
This angle may be taken as 1/2000 
radian for critical work, while the more 
liberal value of 1/1000 is commonly 
taken. 

Of the formulas just discussed, the 
following three are basic: 


D= (9) 


Camera magnification, m, =//s; (1) 


Overall magnification, m = m,.-m,; (3) 


2sc’'N 
a= 
D fm 


All the cases to be discussed can be 
treated by suitable combinations of 
these equations. These cases obviously 
do not exhaust the situations that can 
arise in various types of photography, 
and other cases are considered in other 


Total depth of field, 


treatments.” 


The Close-up 


Let us consider first the common case 
in which a close-up is being made. 
This means that the image on the nega- 
tive must be increased in size, although 
of course a smaller part of the scene is 
reproduced on the screen. The required 
increase in Camera magnification can be 
accomplished either by using a lens of 
increased focal length or by moving the 
camera closer to the scene, since the 
enlargement between negative and screen 
is constant. The effect on the depth of 
field can be seen by combining the three 
basic equations and writing the result as 
2c''N 1 


m, m,* 


D= (10) 
The first factor contains only the quanti- 
ties that are held constant in the case at 
hand; these are the diameter of the 
maximum permissible circle of con- 
fusion c’’, the f-number N, and the 
enlargement m,. The other factor con- 
tains only the camera magnification m,, 
which is the variable in the present 
instance, and it is immediately evident 


Wolfe and Perrin: Field Depth in Wide-Screen Cinematography 39 


> 
é 
| 
. 
. 
| IZ 
‘ | 
— - | 
} 


Fig. 4b. Photographs illustrating effect of varying the optical conditions on depth of 
field. Picture A is repeated from Fig. 4a but cropped to the size of the others. 


that the depth of field varies inversely 
as the square of the camera magnifica- 
tion. If the heroine’s head is tripled in 
ize on the screen, then the depth of 
field is reduced nine times. The tables 
in the American Cinematographer Hand 
Book® bear out this ratio. Pictures* A 
and B in Fig. 4a show what happens 
when a lens of greater focal length is 
used. Picture A is the normal picture 
with which the others will be compared, 
while B represents the close-up. In 
both cases, the camera was focused on 
target 5. The field of Picture B is ob- 
viously much shallower than the field 
of the normal picture shown at A. 
Since the camera was not moved, the 
viewpoint of the two pictures is the same, 
but the overall magnification is different 
and thus the perspective is also different. 
If an observer was sitting where he saw 
the screen in the way the camera saw the 
original scene when Picture A was made, 
he would be too close when the lens was 
changed to increase the magnification 
for Picture B. 

Picture C shows the effect when the 
camera is brought closer to the scene, 
as in a dolly shot, so that target 5 has 
the same size as in Picture B. Here the 
magnification m increases compared with 
Picture A as the camera-to-scene dis- 
tance s decreases, and thus the product 
ms iS constant; the perspective is the 


* All the pictures used to illustrate this paper 
were made by R. L. Lamberts, of these Labora- 
tories, and it is a pleasure to acknowledge his 
skill and the care he took in preparing suitable 


examples. 
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same for both pictures, and an observer 
at a distance ms from the screen sees the 
pictures exactly as the camera saw the 
original scene in both cases. On the 
other hand, the viewpoint has been 
changed; the effect on the observer is 
exactly as though he had walked closer 
to the scene. The field of the larger pic- 
ture is shallower, but by practically the 
same amount as when the focal length of 
the lens was changed (Picture B), so the 
choice of the means to be used for making 
the close-up principally depends on the 
artistic effect that is desired. 

It should be pointed out that, since 
the enlargement between negative and 
screen is the same for all three pictures, 
A, B and C, the maximum tolerable 
circle of confusion on the negative is also 
constant, and this is the condition for 
which the tables in the Hand Book were 
computed. It cannot be emphasized too 
strongly that these tables apply to this 
condition alone, and that whenever the 
enlargement between negative and screen 
varies, it is necessary to resort to the 
formula. 


The Large Negative 

Now suppose that a given scene is to be 
reproduced on a given screen so that the 
overall magnification is constant, but in 
one case a standard negative is to be used 
while in the second case a large negative 
is to be used. The enlargement between 
negative and screen must also vary, of 
course. Increasing the negative size 
means increasing the camera magni- 
fication, and this can be done by either 


The basic formula gives 


using a camera lens of greater focal 
length or bringing the camera closer to 
the scene, as in the previous situation. 


2c’'N 
(11) 


for the depth of field, which means that 
the field becomes shallower by the same 
amount whichever procedure is followed. 
In other words, the depth of field is 
inversely proportional to the camera 
magnification, regardless of the means 
by which this magnification is changed. 
But there is a sharp distinction between 
this case and the preceding one, namely, 
that the depth of field is affected only as 
the first power of the camera magni- 
fication and not as the square. Picture E 
in Fig. 4b shows what happens when the 
focal length of the camera lens is in- 
creased, compared with the lens used for 
Picture A. (A in Fig. 4a and Fig. 4b are 
identical.) It will be seen that, although 
the field of E, where the lens of longer 
focal length was used to make a larger 
negative, is shallower than that of A. 
the difference is much less marked than 
for the preceding case, Picture B, where 
the longer focal length lens was used to 
make the same size negative. Since the 
distance of the camera from the scene 
was the same for both pictures A and E 
and the overall magnification is the same, 
they both appear under the same _ per- 
spective. 

Picture F is exactly analogous except 
that the focal length of the camera lens 
was the same for both A and F, but the 
camera was brought closer to the scene 
to make a larger negative. The loss in 
depth of field is sensibly the same as 
before but the change in perspective is 
marked. Since m is the same while s is 
different, an observer who is properly 
seated to observe Picture A as_ the 
camera saw the original scene is wrongly 
placed for F, or vice versa. In addition, 
the viewpoint is different because the 
camera was moved. 

A more elaborate mathematical anal- 
ysis shows that when the permissible 
circle of confusion is large compared with 
the entrance pupil of the camera lens, 
the depth of field is reduced differently, 
by bringing the camera closer to the 
scene, from what it is when the focal 
length of the camera lens is increased, 
but the magnitude and even the sign of 
this effect depend upon conditions that 
would require another paper to discuss. 
The Effect of Aperture Size 

It has been tacitly assumed up to this 
point that the relative aperture of the 
camera lens was constant, and the 
question naturally arises whether the 
depth of field can be restored by reducing 
the relative aperture, provided, of 


F G | 
. 
| 
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course, that adequate light is available. 
Reordering the terms of Eq. (11), we get 


; (12) 
m m, 


which indicates that the depth of field 


remains constant if the f-number N of 


the camera lens is varied in proportion 
as the camera magnification is varied. 
Picture G was made with a camera lens 
having twice the focal length of the lens 
used for A so that m, was twice as great 
and thus the negative was twice as large 
Furthermore, the lens for G was stopped 
down so that its f-number was twice as 
great. As can be seen, depth of field in 
both pictures is sensibly the same. A 
comparison with Picture E shows the 
improvement achieved by stopping down 
the lens, since this pair of pictures was 
made in exactly the same way except that 
the aperture for E was twice as large as for 
G. 
The Large Screen 

Finally, let us consider the case of the 
large screen. If a given scene is to fill a 
larger screen, the same negative can be 
used with increased enlargement 
(as by using a projection lens of shorter 


an 


focal length) or a larger negative wan be 
made and enlarged by the same amount 
on the screen. The simplest way of seeing 
the depth-of-field relations is to rewrite 
Eq. (10) as 


(13) 


m,m,? 
When a given negative size is used, m, 
is constant and the depth of field varies 
from 
negative to screen. On the other hand, 


inversely as the enlargement m, 
when the enlargement m, from negative 
to screen is held but the 
creased screen size is obtained by in- 
creasing the negative size (increasing 
m,.), the depth of field varies inversely 


constant in- 


as the square of the negative size.* The 
first situation is exemplified by picture D 
in Fig. 4a, which is simply a greater 
enlargement of the same negative used to 
make Picture A. The loss in depth of 
field compared with A is obvious. The 
second situation is exemplified by a com- 
parison of Picture B with Picture D. 
Picture B shows the result of using a 
larger negative to cover the larger screen, 
as compared with Picture D, which was 
rade by increasing the enlargement of 
the smaller negative. Since the overall 
magnification m is the same for both B 
and D, as also was the camera distance 
s, both the perspective and the viewpoint 
are the same. The field of B, which was 
made from the larger negative, is clearly 
shallower than the field of D. Further- 


* To restore the original depth of field, the 
diaphragm of the camera lens must also be 
reduced in diameter by the square of the increase 
in the negative size, and hence, for a constant 
illuminance on the film, the illuminance of the 
scene must be increased by the fourth power. 
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more, this loss in depth of field associated 
with the use of the larger negative is 
additional to the loss associated with the 
larger screen, as shown by a comparison 


of B with A. 


Conclusions 


The conclusions of this analysis can be 
summed up by the numerical examples 
given in Table I, where it has been as- 
sumed that the camera was focused on a 
plane 30 ft distant. For the conditions 
taken as a basis of comparison, repre- 
sented by the first line of the table, the 
camera lens was assumed to have a focal 
length of 2 in. and a relative aperture of 
f/2. It was further assumed that the 5-ft 
heroine is represented as being 2) ft 
high on the screen, in which case the 
magnification between negative and 
screen is such that a circle of confusion 
1/500 in. in diameter on the negative, 
for which the Hand Book tables are com- 
puted, leads to a circle on the screen that 
subtends the reasonable angle of 1.7’ 
of arc (1/2000 radian) for an observer 
30 ft distant. The depth of field is then 
about 25 ft for an observer at this dis- 
tance, which is confirmed by the Hand 
Book. When a close-up is made by 
doubling the focal length of the lens so 
as to double the size of the heroine’s face 
on the screen, the field is reduced in 
depth to about 5} ft. This reduction 
is roughly proportional to the square of 
the ratio of the focal lengths. The last 
two columns show that the original depth 
of field can be restored by diminishing 
the aperture (increasing the f-number) 
in proportion to the square of this ratio. 
When the lens of greater focal length is 
used to make a large negative that is 
printed or projected so as to fill the same 
screen as the standard negative, the 
depth of field is reduced to about half of 
its value the standard negative 
(instead of one-quarter) and the original 
depth is restored by reducing the lens 
aperture (increasing the f/-number) in 
proportion to the first power of the ratio 


for 


of focal lengths (instead of the square). 
The maximum permissible diameter of 
the circle of confusion on the negative is 
doubled, and hence the tables in the 
Hand Book no longer apply. 

The conclusions discussed so far relate 
to the making of the negative when the 


screen size is constant. When the screen 
size is varied so that the enlargement m, 
varies, the depth of field varies according 
to the relation 


D (13’) 


m2 Me 
which is simply Eq. (13) rearranged to 
emphasize the effect of varying m,. 
Assuming that the entire frame of the 
release print just covers the screen, this 
formula means that the depth of field 
decreases in direct proportion to any increase 
in the stze of the screen. 


Discussion 

An effect that frequently introduces 
confusion should be mentioned here. 
Suppose that, in a battle scene, the depth 
of field on the classical geometrical basis 
that has been used here is infinite. 
Then as a cavalryman gallops into the 
distance on his dapple-gray mount, the 
spots on his mount eventually disappear, 
but simply because they become too 
small to be reproduced distinguishably 
by the photographic system. If the 
definition of the system is improved, the 
cavalryman can gallop farther before the 
spots disappear, and in this sense, objects 
are reproduced more clearly over a 
greater range of distances. One method 
of improving definition is to increase 
the size of the negative. This reduces the 
geometrical depth of field, as shown 
earlier in this paper, but the present 
example still applies if the scene still 
lies within the reduced depth of field. 
Nevertheless, this is a totally different 
effect from that which has been dis- 
cussed in this paper and would be pro- 
duced equally well if the galloping horse 
were replaced by an inflated rubber 
dummy that shrank in size while re- 
maining stationary. 

An exhaustive treatment of depth of 
field would include many considerations 
that have been ignored here. Such are 
(a) the value of the angle subtended by 
the largest circle of confusion that cannot 
be distinguished from a point, (b) the 
possible variation of this angle with 
viewing conditions and (c) the angle 
subtended by the largest tolerable circle 
when the objects in the plane of best focus 
are perceptibly unsharp. 

Within the limitations imposed by the 


Table I. Numerical Example. Distance, camera to scene, 30 ft; observer to screen, 30 ft. 
This table has been computed with the complete formula, Eq. (7), containing the c? term 


in the denominator, and hence the uncompensated values do not bear the simple rela- 


tions to focal length given in the text and listed here. 


Uncompensated 


Lens 

foca! 

length, Lens 
Negative size in. f-no. ft. 
Standard fi =2 2 24 
Standard (zoom) f/f, = 4 2 5 
Large f; = 4 2 11 


Compensated 


Depth Lens Depth, Comp. 
rel, f-no. ft factor 

8 1 2 24.8 

4 i 8 24.8 (fo/fi)? 

2 4 24.8 (fs/fi)} 


4 

BE Field Depth in Wide-Screen Cinematography 41 


assumptions made in this paper, the depth 
of field under various situations can be 
compared by using the formulas derived 
herein. Nevertheless, care must be taken 
to apply them properly. Suppose that the 
principal point of interest in a scene is 
300 ft from the camera and that the 
resulting picture is to be viewed under 
the correct perspective by an observer 
50 ft from the screen. The overall (scene- 
to-screen) magnification must then be 
m = v/s = 50/300 = 1/6 


by Eq. (4). The angle subtended by the 
maximum tolerable circle of confusion 
is commonly taken as 1/1000 radian, 
although this value is probably generous, 
so the diameter of the maximum tolerable 
circle on the screen can be taken as 


= va’ = 50/1000 = 1/20 ft = 0.6 in. 
The diameter of the corresponding circle 
in the scene is 

= c''/m = 0.6 X 6 = 3.6 in. 


January 1956 


Now the stop of a motion-picture camera 
lens is smaller than this, so Eq. (7) for the 
total depth of field becomes negative. 
This is physically meaningless, but its 
mathematical significance can be seen, 


from Eq. (6), to be that the boundary of 


the far depth is beyond the horizon. 
Such a condition has been avoided in the 
illustrations presented here, but the 
example is cited to show that the formulas 
cannot be applied blindly. In thisexample, 
a clever cameraman would focus for a 
nearer distance, the so-called hyperfocal 


distance, such that the far boundary of 


the tolerably sharp field was just at the 
horizon and thus pull his entire useful 
field nearer to the camera and increase 
its useful depth. 

As mentioned in connection with the 
large-negative case, using the simplified 
formula, Eq. (8), or its equivalent, Eq. 
(9), in place of the complete formula, 
Eq. (7), leads to the conclusion that the 


effect on the depth of field is the same 
whether the camera magnification is 
changed by varying the camera-to-scene 
distance or by using a lens of different 
focal length. This is often true closely 
enough, but it may be significantly in 
error when the projection of the maxi- 
mum tolerable circle of confusion ¢ in 
the scene is large compared with the 
stop diameter d. 
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Electronic Printing for 16mm Sound 


Electronic printing has been an important step in recent years in improving 16mm 
sound quality, particularly in Kodachrome and television films. Using variable 
density and supersonic bias, an electronic (or electrical) print shows increased 
signal level, increased signal-to-noise ratio and sharp decrease in intermodulation 


distortion. 


With good laboratory control and recording-equipment operational 


control, close tolerances can be achieved and maintained, thereby ensuring ex- 


cellent and consistent quality. 


I HE NORMAL optical-printing method 
of obtaining 16mm release sound has al- 


ways posed many problems. Some of 


these problems have been solved partially 
by using better recording equipment, 
maintaining printers at peak perform- 
ance, using ultraviolet light in printers 
and maintaining close control of both 
negative and positive processes. Pro- 
viding all the above precautions are 
taken, there still remain quality losses in- 
herent in the process such as printer 
flutter due to improper sprocket-tooth 
contact, varying amounts of printer 
slip and loss of contact due to film-base 
shrinkage, loss of definition due to dif- 
fusion effects and increase in background 
noise due to print-through of negative 
grain. Chances of error in this process 
are rather high. If, for instance, either 
or both negative and print exposures are 
off tolerance (and either negative or 
positive processes), a variable-area track 
will have cross-modulation 
distortion showing up mainly as dis- 
torted sibilants, while a variable-density 
track will have increased intermodula- 
tion distortion caused by a nonunity 
print-through gamma. 

The increased use of 16mm film for 
television has shown in more than enough 
instances the failings of the above process. 
While some prints, have adequate quality, 
the average has succumbed to the chances 
of error. Even good 16mm prints show 
their inherent loss of quality when, for 
instance, a 16mm commercial is cut in 
with a live show or with a 35mm feature 
program. 


increased 


Improvement Possibilities 

While 35mm film is still the mainstay 
in large U.S. televising centers, 16mm is 
used throughout Canada and in many 
U.S. stations, and these will undoubtedly 
continue to use 16mm for some time to 
come, for economic reasons. Therefore, 
an improvement will have to be made in 16mm 
sound quality. 

Two major improvements are now 
possible. The first, in order of quality, is 
of course magnetic recording on a striped 
release print where quality surpasses 
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Fig. 1. Intermodulation characteristics for 
electronic and optical prints on black- 
and-white release prints (Eastman Type 
7302). 


35mm optical sound without any proc- 
essing problems whatever. Since this 
process offers no laboratory problems 
and since quality is at its best, it would 
seem the logical solution. However, there 
seem to be some strong objections to this 
plan which, it is sincerely hoped, will 
be overcome very soon. 

The second solution to better 16mm 
sound quality is electronic printing, 
also called electrical printing. In this 
process the soundtrack is re-recorded as a 
positive image on each release print, 
thereby eliminating a good 75% of all 
normal 16mm distortion. The advent of 
magnetic recording has hastened the 
use of this process. Now, with good mag- 
netic-recording systems readily available, 
it is possible to obtain top quality by 
using magnetic in all stages of production 
until the final transfer is made onto the 
release print itself. 

Since only one photographic process is 
involved, laboratory control problems 
are greatly reduced and resolve them- 
selves in keeping exposures constant 
and in keeping the release-positive proc- 
ess within even wider limits than re- 
quired for good picture quality. 

Figure 1 shows results of intermodula- 
tion tests made under SMPTE standards 
for both the negative/positive process 
and the electronic printing 
One observation from these tests is that 
intermodulation distortion is lower in the 
case of the electronic print, and the toler- 
ances are wider. Another observation 
is, of course, the much lower density 


process. 


By ROGER J. BEAUDRY 


of the electronic print. This in effect 
means a considerable increase in pro- 
jected light which results in increased 
volume of the modulation. Since inter- 
modulation distortion is not at all 
critical, a print density can be chosen 
which, with the proper amount of d-c 
noise-reduction bias, reversed, will pro- 
duce a high signal-to-noise ratio and 
also maintain a usable high-level output. 
A nominal amount of d-c bias is bene- 
ficial at the lower print densities but 
produces too much contrast at the higher 
densities where noise may be lower. 
However, by proper choice of these 
variables, an excellent signal-to-noise 
ratio can be achieved for a particular 
process. 

After repeated tests in our studios the 
following results were obtained consist- 
ently without any extra laboratory 
controls over and above standard re- 
lease controls, on 16mm_black-and- 
white release prints: 

an increase in signal volume of over 

6 db over the negative / positive 
process ; 

a signal-to-noise ratio of 38 db; 

intermodulation distortion below 7%; 

and 

total flutter content below 0.15%. 

The above results were obtained using 
variable-density recording with super- 
sonic bias as described fully in previous 
papers.)23 

Electronic printing found its first 
practical use not for television films but 
for Kodachrome release printing. In the 
west coast area this process is in wide 
use and has been for some time. Every- 
one is familiar with the old problem of 
Kodachrome sound where a _ direct- 
positive black-and-white track is used 
as optical printing material. The biggest 
problems are low signal level, high 
background noise and very high dis- 
tortion. By using variable density with 
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Fig. 2. Intermodulation characteristics for 
electronic and normal optical prints on 
Kodachrome release prints. 
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supersonic bias and noise reduction, 


great improvements can be achieved. 
The following are consistent results using 
this technique: 

an increase of over 6 db in signal level 

over the black-and-white optical- 
track printing process; 

a signal-to-noise ratio of 35 db; 

intermodulation _ distortion below 

10%; and 

flutter below 0.15%. 

Figure 2 shows results of intermodula- 
tion tests for both black-and-white track 
optical printing process and the elec- 
tronic printing process. The two curves 
were placed so that the lowest inter- 
modulation points are above one an- 
other. In this way it can be clearly seen 
that the electronic print curve is much 
broader than 


lower and considerably 


the optical print curve. Also, as in the 
black-and-white process, the optimum 
intermodulation occurs at a much lower 
density in the electronic print. Again this 
means increased volume. In the above 
technique, no filters are used in exposing 
the film. Results are so much superior 
to the regular printing process that no 
attempt was made to use filters. When 
filters are used to expose only one emul- 
sion layer, focus of the optical recording 
system should be changed from the nor- 
mal black-and-white position to assure 
good high-frequency response. It was not 
considered advisable to do this, since 
the same equipment is used for color 
and black-and-white. 

While electronic printing is slightly 
more expensive to produce than the 


normal optica! printing method, the 


improvements in quality more than make 
up the difference in bringing 16mm 
sound up to a level comparable with 
normal 35mm quality. 
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Discussion 


Frank P. Herrnfeld (Frank P. Herrnfeld Engi- 
neering Corp.): How was the last print through 
measured, by visual density? 

Mr. Beaudry: Yes, it was visual densitv on an 
RA-1100-E densitometer, using yellow light. No 
attempt was made to use any color-correcting 
filters on the densitometer. 


motion-picture standards 


Revisions of American 
Standards 


PH22.51, Intermodulation Tests, 16mm 
Variable-Density Optical Sound, a pro- 
posed revision of American Standard 
Z22.51-1946, is published here for a three 
month period of trial and criticism. All 
comments should be sent to Henry Kogel, 
SMPTE Staff Engineer, prior to April 15, 
1956. If no adverse comments are re- 
ceived, this proposal will then be sub- 
mitted to ASA Sectional Committee PH22 
for further processing as an American 
Standard. 

Review action on this standard was 
initiated by the Sound Committee in 
March 1952. The only comment received 
at that time was a suggestion that the 
references be either brought up to date or 
deleted from the standard entirely. The 
references were brought up to date in 
April 1953 and the standard was circulated 
to ASA Sectional Committee PH22 in 
May 1953 without prior publication for 
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trial and comment since no fundamental 
changes were proposed. 

At this point, a technical flaw in the 
1946 standard was uncovered’ which 
necessitated returning the proposal to the 
Sound Committee for further considera- 
tion. This led to a very careful scrutiny of 
the standard by this committee and several 
drafts were voted upon before unanimity 
could be achieved. The proposal published 
here was approved by the Sound and 
Standards Committees and differs from the 
1946 version in the following respects: 

1. Revision of the title. 

2. The first sentence of paragraph 1.1 
has been modified to give a more exact 
definition of the scope. 

3. The phrase at the end of paragraph 
1.2, “‘but in most cases an intermodulation 
figure of 10 percent corresponds to a 
harmonic reading of about 2} percent,” 
has been deleted since this is true only 
under specific conditions. 


4. The parenthetical phrase, “‘standard 


or nonstandard position” has been deleted 
from paragraph 2.1. 

5. In paragraph 2.2 the words “color 
temperature of printer light’ have been 
changed to “spectral energy distribution 
of printer light.” 

6. Also, in paragraph 2.2, a sentence 
has been added which provides a reference 
to additional sources of error. 

Paragraph 2.3.1 has been changed 
because it specified a test signal of 60/100 
cps, whereas neither of the previously 
recommended test equipments was ca- 
pable of measuring a 60/100 cps signal. 

8. A new paragraph, 2.3.3, has been 
added in order to specify a test track for the 
purpose of differentiating relatively un- 
controllable intermodulation effects (as 
from printers) from those caused by the 
nonlinear relations whose control is the 
primary purpose of the intermodulation 
tests. 

9. Paragraph 3.1 of the 1946 standard 
contained the statement that, ‘The com- 


= 


plete reproducing system should be checked 
for indications of distortion by use of a 
suitable test film, when available.” No 
such test film was ever produced and since 
there is no likelihood that one will be 
produced in the near future, the phrase 
has been deleted. 

10. Paragraph 3.3 has been completely 
reworded. 


11. The reference to suitable inter- 
modulation meters has been entirely 
deleted. 


12. The list of references has been in- 
creased by five. 

13. The term “intermodulation an- 
alyzer’’ has been substituted throughout 
for the term “intermodulation meter.” 

14. The abbreviation ‘‘cps’’ replaces 
the term ‘“‘cycle’’ throughout. 

15. The diagrams have been changed 
to conform to the new text. 


Proposed revisions of American Stand- 
ards Z22.71-1950, 32mm Film for 16mm 
Film Perforated Along One Edge and 
Z22.72-1950, 32mm Film for 16mm Film 
Perforated Along Both Edges, are pub- 
lished here for a three-month period of 
trial and criticism. All comments should be 
sent to Henry Kogel, SMPTE Staff Engi- 
neer, prior to April 15, 1956. If no adverse 
comments are received, these proposals 
will then be submitted to ASA Sectional 
Committee PH22 for further processing as 
American Standards. 

In accord with ASA rules that all Ameri- 
can Standards be reviewed every five 
years, these two standards were reviewed 
at the Film Dimensions Committee meeting 
held in Chicago on April 18, 1955. The 
following modifications of the 1950 stand- 
ards were approved at that time and in 
subsequent voting of the entire committee 
and the Standards Committee: 

1. The title was changed. 

2. Method of indicating dimension G 
was modified to be in accord with inter- 
national practices. 

3. The letter symbols have been altered 
to give them an alphabetical sequence. 

4. The appendix has_ been 
slightly to be in accord with recent changes 
made in such material in the other film- 
dimension standards. 


revised 


The reason for changing dimensions B, 
© and D is to make the number of decimal 
places in the dimension and its tolerance 
consistent with one another and to make 
the degree of precision of the millimeter 
conversion the same as the inch dimension. 

It should be noted that the conversion 
of the one mil tolerance of dimension A is 
maintained unchanged as 0.025 mm despite 
the fact that this makes the millimeter 
conversion more precise than the inch 
equivalent and is inconsistent with the 
tolerance for R in this standard and with 
this conversion in other standards. This 
problem was studied by the Film Dimen- 
sions Committee and it was decided that 
the 0.025-mm conversion should be main- 
tained despite this inconsistency in order 
that the film, when slit, shall have a milli- 
meter value consistent with practice 
abroad. If the 0.03-mm tolerance were 
used, this would result in too large an 
upper value. Since the tolerance is to be 
given in three places, it was necessary to 
specify the dimension itself to three places, 
even though it makes this value too precise. 
For similar reasons, 0.025 mm is main- 
tained as the upper limit for dimension G. 


HK. 


Two Proposed American 
Standards 


Published here for a three-month period 
of trial and comment are two proposed 
American Standards, PH22.106, Projector 
Aperture for 35mm CinemaScope Prints 
With Optical Sound and PH22.107, Film 
Spools for 8mm Motion-Picture Cameras. 
All comments should be sent to Henry 
Kogel, Staff Engineer, prior to April 15, 
1956. If no adverse comments are re- 
ceived, the proposals will then be sub- 
mitted to ASA Sectional Committee PH22 
for further processing as American Stand- 
ards. 

PH22.106 is based on Motion Picture 
Research Council Practice No. 3 which 
was submitted for Film Projection Practice 
consideration in April 1955. This was 
amended somewhat and then approved 
by this committee in October 1955 and by 
the Standards Committee in Dec. 1955. 

Processing of PH22.107 
was initiated by the 16 & 
8mm Committee in Octo- 


Dimension Was Becomes ber 1954. After study and 

5 A 31.93 mm 31.928 mm ballot on two drafts, the 

6 B 0.300 in. 0.3000 in. sep was approved by 

C 1:23 = am 1.829 = 0.010 mm in August 

1955 and by the Standards 

8 D 1.27 + 0.01 mm 1.270 + 0.010 mm Committee in November 
9 R 0.25 + 0.025 mm 0.25 + 003mm 1955.—H.K. 
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Standards Subscription Service 


A valuable new Standards Subscription 
Service has been initiated by the Society 
for those who need an up-to-date record 
of SMPTE-sponsored American Standards 
and SMPTE Recommended Practices. 
Purchasers of this Service will receive, four 
times a year, copies of all standards ap- 
proved during the preceding quarter. 
Charge for this January-December Service 
is $7.50 annually. 

Arrangements have been made also for 
those who do not already have copies of all 
American Standards and Recommended 
Practices approved prior to December 31, 
1955, to obtain them in a sturdy loose-leaf 
binder, plus the service for one year, for 
$27.50. And those who are uncertain as 
to whether or not their present files are 
complete may request, free of charge, the 
latest standards index and price list. 

Standards subscription service order 
forms will be mailed in January to all 
Society members and to nonmember 
subscribers to the Journal. Additional or 
advance copies may be obtained from the 
headquarters office (55 W. 42 St., New 
York 36) upon request. 


New President of ISO 


Sir Roger Duncalfe became the fourth 
president of the International Organiza- 
tion for Standardization (ISO) on January 
1st of this year. He succeeds Dr. Hilding 
Térnebohm, head of Swedish SKF. 

Sir Roger served as president of the 
British Standards Institution from 1953 
through 1955. He is chairman of the board 
of British Glues and Chemicals, Ltd., 
which produces half of the British output 
of gelatine and glue. He is a past president 
of the Federation of Gelatine and Glue 
Manufacturers and is a vice president of 
the Federation of British Industries. Sir 
Roger was knighted in the 1951 Birthday 
Honours for his services to standardiza- 
tion. 

The first president of ISO was Howard 
Coonley, American industrialist. He was 
followed by Albert Caquot, distinguished 
French engineer. The ISO now has a 
membership of the national standards 
bodies of 37 countries. It was organized in 
London in 1946 as a successor to the prewar 
international organization which had been 
disbanded at the outbreak of hostilities. 

The American Standards Association, 
of which SMPTE is a member, represents 
the United States in ISO. 
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news and 


Papers Program — 79th 


Convention 


[he schedule of sessions for the 79th 
Convention is about completed; and it 
appears as if there’l] be a full and interesting 
program. This convention should produce 
a wide variety of papers as there is no 
single theme to which authors are limited. 
Sixteen technical sessions are planned, six 
of which will be held away from the 
Statler Hotel. These include a tour of 
Du Mont Telecenter, a demonstration of 
Todd-AO at the Rivoli 
Theatre, a TV studio lighting session at the 
NBC Colonial Theater, and two sound 
recording sessions and a TV studio lighting 


Oklahoma in 


session at Fine Sound Studios. 

Of the sixteen sessions, present plans 
call for two on laboratory practice, five 
on television, three on motion-picture pro- 
jection, production and viewing, two on 
high-speed photography, two on sound 
recording and one on screen brightness. 
Three of the five television sessions will be 
studio lighting, 
treating the various problems encountered 


devoted television 
in lighting shows to be televised in black- 
and-white, and those to be televised in 
both monochrome and color. 

Laboratory Practice sessions are planned 
for Monday, generally a light day in the 
laboratory, with the hope of encouraging 
large attendance from lab people in the 
New York area. Those coming from a dis- 
tance should plan to stay around at least 


SMPTE in 1955 


The activities of the SMPTE during 1955 
paralleled very closely the continuing wide- 
spread interest in new technologies in the 
associated industries. The problems asso- 
ciated with the introduction of the various 
wide-screen processes continued to absorb 
the interest of engineers and production 
personne! alike. Some of the developments 
engaging the interests of motion-picture 
engineers during 1955 are outlined below. 

The CinemaScope system which had 
been introduced in 1953 continued to 
grow during the past year as evidenced by 
the reports on the number of theater 
installations in this country and abroad. 
However, this growth was mainly in the 
use of the anamorphic principle of photog- 
raphy and projection rather than in the 
use of the associated 4-track magnetic 
stereophonic sound. The decision of 
Twentieth Century-Fox to make a single 
optical track available appeared to halt, 
at least temporarily, the advance in 
the number of stereophonic _installa- 


= —= 
- 


for Tuesday, when the Laboratory Prac- 


tice Committee and the Association of 


Cinema Laboratories will both be holding 
meetings. Contrary to usual custom, 
sessions will start on Monday morning, 
before the luncheon; attending 
should plan to get to the hotel in time to 
register before the morning session begins. 

Evenings during the week have been 
planned for topics of more general interest 
such as the tour of the Du Mont Tele- 
center, not to mention the banquet on 
Thursday, to make it easier for accompany- 
ing wives and families to join in. 

Author’s Forms are now available and 
may be obtained from Society Head- 
quarters, Program Chairman Ben Plakun 
at General Precision Laboratory, Pleasant- 
ville, N.Y., or from the following topic 
chairmen: 


those 


Laboratory Practice 
W. H. Rivers 
Eastman Kodak Co., Rm 626 
342 Madison Ave., New York 17 


Motion-Picture Projection, Production 
and Viewing 

W. Borberg 

General Precision Laboratory 

47 Ossining Rd., Pleasantville, N.Y. 


TV Studio Lighting 
H. Gurin 
National Broadcasting Company 
RCA Bidg, Rm 586, Radio City 
New York 10 


tions in theaters. The recent announce- 
ment of the magoptical combination 
of 4-track magnetic stereo and _ single- 
track optical should tend to reduce the 
number of types of release prints and im- 
prove the compatibility of theater re- 
production of magnetic and optical tracks. 
During the year, Twentieth Century-Fox 
announced improved definition in the 35- 
mm CinemaScope picture quality by the 
use of a larger production negative (55mm) 
as the photogranhic medium, thus meeting 
the objections widely raised as to the 
pictorial quality of CinemaScope films. 
During 1955, Paramount reported sev- 
eral installations of their double-frame 
VistaVision system. The projectors are 
the horizontal type with standard 35mm 
film running at twice normal speed. The 
combination of the large VistaVision nega- 
tive and the large print produces on the 
wide screen an image of excellent quality. 
It should be noted that these double-frame 
horizontal projectors are not compatible 
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Popular Papers 
H. Barnett 
General Precision Equipment Corp. 
92 Gold St. 
New York 38 


High-Speed Photography 
J. Waddell 
Fairchild Camera & Instrument Corp. 
88-06 Van Wyck Expressway 
Jamaica 1, N.Y. 


Sound Recording 
G. Lewin 
1573 East 35th St. 
Brooklyn 34, N.Y. 


TV General and Educational 
S. W. Athey 
General Precision Laboratory 
47 Ossining Rd., Pleasantville, N.Y. 


Screen Brightness 
C. E. Heppberger 
231 North Mill St. 
Naperville, Ill. 


Abstracts of all papers are due before 
March 1, with April 1 the deadline for 
completed copies of manuscripts. By this 
time, most of those intending to submit 
papers have probably already been con- 
tacted by their topic chairman, but if for 
any reason this has not happened they 
should go into action right away and get 
themselves Author’s Forms. 


By JOHN G. FRAYNE 


with standard 35mm _ projection. The 
sound system associated, up to the present 
time, with double-frame VistaVision is 
the single-optical variety, although it is 
understood that plans are underway for the 
addition of multitracks, either magnetic 
or optical. The higher linear speed of 
double-frame VistaVision prints opens new 
vistas of improvement for reproduction of 
either magnetic or optical tracks. These 
VistaVision installations have so far been 
limited to the small number of large 
theaters in the larger cities of the country. 

The Todd-AO 65-70mm_ wide-screen 
system was first presented to the public in 
October of this year at the Rivoli Theatre 
in New York City. The camera negative 
employed in this system is 65mm wide and 
the release print width will ultimately be 
70mm, added space being provided out- 
side of each set of sprocket holes to permit 
the recording of six magnetic soundtracks. 
This system differs from other so-called 
wide-film, wide-screen systems in that the 
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* Constructed on building block principle, 
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* Installed and maintained by the Westrex 
Service Organization with offices and service 
centers in 40 countries throughout the world. 


WESTREX TYPE 14 BACK- 
STAGE SPEAKERS feature the 
Westrex 713B High Frequency 
Unit for superior performance. 


WESTREX STANDARD 
TRANSMISSION EQUIP- 
MENT CABINETS provide 
up to four channels for 
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reproduction. 


Research, Distribution and Service 
for the 
Motion Picture Industry 
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Now available for splic- 
ing all kinds of film 
including 


Cronear (Polyester Base), Cinema- 
scope efc., neg or print and Mag- 
netic film or track. 


* NO CEMENT 
* NO LOST PICTURE 
* NO SCRAPING 

In 10 Seconds! 


Check these advantages: 


- A film fusion (butt-weld), end-to-end, 
No Double Thickness. 


= No drying, no overlap 


— No lights required 


Send for Literature & Sample Splice! 


166... ——_ 
MT-1M PRESTO SPLICER 


for welding together 
Ve MYLAR & ACETATE TAPES 
without cement or adhesives 


— 


@ Diagonal cut capable of withstanding 
3 pound pull 


@ Inaudible with playback amplifier gain at 


— 


Modernize your Picture Technique! 


Send for Literature & Sample Splice! 


PRESTOSEAL 


3727 33rd st.,Long Island City 1,N.¥. 


January 1956 


projector built by the Philips Company, 
Holland, is said to be compatible with 
the projection of standard 35mm _ film. 
There are several innovations in the Todd- 
AO system, among them being the use of 
30 frames /sec with the view to eliminating 
or reducing peripheral flicker. The pro- 
jector is capable of running at the high 
speed required for the 70mm film or for 
the standard speed of 35mm film. The 
sound quality attained with the 6-track 
magnetic system in Todd-AO is generally 
agreed to be the finest recorded stereo- 
phonic sound yet presented to the public. 
Five loudspeakers are placed behind the 
screen, and in addition, speakers in the 
auditorium provide the surround sound 
effects. A novelty here is the close blending 
of the surround with the main sound chan- 
nels. The problems of theater projection 
at severe angles onto the highly curved 
Todd-AO screen are presumably solved by 
specially pre-distorted prints. It is under- 
stood that this process has not yet been 
fully explored. 

Of the Society’s two Semiannual Con- 
ventions for 1955, the first was at Chicago 
in April where the employment of motion 
pictures in educational institutions and 
programs was emphasized. This drew a 
large attendance from the educational 
world which ordinarily would not patron- 
ize the Conventions of the Society. The 
Society had a very fine equipment exhibit 
also at the Chicago Convention. The 
Fall Convention was held at the beautiful 
Lake Placid Club, in Essex County, N.Y. 
This was the fourth convention held in 
that setting, the preceding one having 
been in 1950. During this Convention, 
very interesting roundtable discussions 
were held on the production of motion 
pictures in Hollywood studios with em- 
phasis being placed on the problems in- 
volved in wide-screen color photography. 
Proponents of the various wide-screen 
systems were given opportunities to present 
their own views on their particular con- 
tributions. Another symposium was held 
on projection practices using wide-screen 
techniques. The chief engineers of the 
main television chains presented another 
very interesting roundtable devoted to 
the problems of the production and dis- 
tribution of color TV programs. 

The annual awards of the Society for 
outstanding achievement were presented 
at the Lake Placid gathering. This session 
was reported in the December 1955 
Journal, pp. 689-694. 

It was announced at Lake Placid that 
the Society had accepted the offer of 
Technicolor Corporation to present a gold 
medal, to be known as the Kalmus Award, 
each year to an individual for outstanding 


technical developments in the field of 
color cinematography. 

The engineering activities of the Society 
continued to grow in scope during the 
year with all committees having very 
active agendas dealing mainly with stand- 
ardization in the various fields of cinema- 
tography. The Society sent a very outstand- 
ing delegation to the International Stand- 
ards Organization meeting at Stockholm 
in June. This delegation was under the 
general chairmanship of Dr. D. R. White 
of the du Pont’s Photo Products Dept. 
Research Division. Other members of the 
delegation included Dr. Axel Jensen, En- 
gineering Vice-President of the Society; 
Malcolm Townsley, member of the Board 
of SMPTE and Vice-President of Bell & 
Howell; and Boyce Nemec, Executive 
Secretary of the Society. During this very 
important meeting the groundwork was 
laid for future international standardiza- 
tion of many of the standards now being 
developed independently in the various 
countries. 

During 1955 the Society’s program for 
aiding in education of technicians in the 
motion-picture industry got off to a good 
start. One of the subcommittees, under the 
chairmanship of Sidney Solow, has been 
directly responsible for the introduction 
of three courses being given by the Uni- 
versity of California Extension Division. 
These courses are slanted mainly towards 
laboratory personnel and the very large 
attendance and interest shown in these 
courses indicate the need for this kind of a 
program. It is hoped to extend the scope 
of this work to other technical groups, such 
as sound technicians, and also to make pos- 
sible the presentation of similar courses in 
other parts of the country. 

The membership of the Society increased 
during 1955 to an all-time high of 5587, 
while sustaining membership increased to 
a figure of 103. Several important changes 
to the Bylaws and Constitution were sub- 
mitted to the membership. One of the 
most important of these was the creation of 
a new Vice-Presidency in charge of local 
sections. This move emphasizes the grow- 
ing importance of the sections in the over- 
all program of the Society. A new section 
for the Rochester, N.Y., area was author- 
ized during the past year. 

The continued and rapid growth of the 
new technologies in the industry means, 
greater emphasis on the technical aspects 
of motion-picture production with conse- 
quent increasing demands for engineers 
skilled in these new techniques. This in 
turn insures the continuing growth and 
importance of our Society as well as an 
increasing impact of its programs on the 
motion-picture and television industries. 
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16MM COLOR PRINTING 
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new approach 
to film processing 


The E.D.L. DM-11 This machine was designed and built for the 


48 sec from camera Delaware Steeplechase and Race Association 


to projector ata rate of 
52 ft/min using DuPont 
930 Reversal Pan designers and builders of all types of process 


by the E.D.L. film process machine engineers, 


machines for the quality-minded film producer 
and laboratory. We offer services in the 
design and construction of magnetic recorders, 
video recorders, special-purpose printers and 
high-production film process machines for all 
film processes. We invite a statement of your 


problems. 


the E.D.L. Company 
5929 E. Dunes Highway, Gary, Ind. 


~Projection Lenses 


Now Finer Lenses for Finer Projection with a 
True Speed of f/1.7 in all sizes where fast lenses are needed. 


From Kollmorgen ... the newest, 
fastest projection lenses. Engineered to give you the brigntest, 
clearest, sharpest, most uniform picture you have ever seen. 


For more information ask for Bulletin 222. 


Va 


Plant : 347 King Street, 
Northampton, Massachusetts 


CORPORATION 


New York Office: / 30 Church Street, New York 7, New York | 


engineering 
activities 


The beauty and charm of the Lake Placid 
Club, the color and warmth of the October 
foliage, the enticing golf course, tennis 
courts and hiking trails—none of these 
were enough to stop eleven engineering 
committees from holding their committee 
meetings on schedule, with a surprisingly 
large attendance and with an _ extraor- 
dinary amount of work accomplished. 
This report will attempt a general review 
of the deliberations of each committee. 


Color 


The work of this committee is, for the 
most part, done through its various sub- 
committees. One subcommittee, chaired 
by W. R. Holm, reported that the prep- 
aration of a monograph on “Elements of 
Color in Professional Motion Pictures’’ has 
been completed. It is tentatively planned 
to publish this work in booklet form as a 
Journal supplement. 

Another subcommittee, with H. W. 
Knop as chairman, reported that the 
monograph on “Projection Light Sources 
and Screens for Color Films’ is virtually 
completed. Completion is expected in the 
early part of 1956. 

A third subcommittee, on “‘Densitometry 
of Color Sound Tracks,” was formed, H. P. 
Brueggemann chairman. The initial aim of 
this group is to agree on a specific tech- 
nique for the densitometry of sound tracks 
which can be adopted as the industry 
standard for color films. 


Film Dimensions 


The change in the film base over the 
years has resulted in a film with a con- 
stantly decreasing shrinkage characteristic. 
To compensate for this, both 35mm and 
16mm film have been manufactured with 
a smaller pitch than specified in the existing 
standards. A standard to cover the situation 
already exists for 35mm film. At this 
meeting, note was taken of the volume of 
16mm and 32mm on 35mm short-pitch 
film. It was felt that these films should be 
standardized and steps were taken to 
initiate this process. 

The group viewed favorably the film- 
dimension concepts established at the 
1SO/TC 36 Stockholm meeting in June 
1955 in respect to the desirability of one 
standard for all 35mm film. This would be 
done through the process of (1) tabling all 
data common to the differing 35mm films 
and (2) using a separate diagram and table 
to list the specifications for the differing 
perforations. A Proposed American Stand- 
ard along these lines is to be drafted for 
consideration of the entire committee. 

The titles of the existing film-dimension 
standards came up for critical examination 
and a subcommittee was formed, chaired 
by W. O. Brandsma, to prepare a con- 
sistent, concise and descriptive set of titles. 
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Film Projection Practice 


This committee has been quite active in 
processing a rather large number of stand- 
ards. The status of all these standards was 
reviewed and further actions were in- 
itiated to continue their processing. In 
outline form, this is the present status of 
this work: 

PH22.104, Projector Aperture for 35mm 
CinemaScope Prints with Mag- 
netic Stripes 

PH22.105, Projector Aperture for 35mm 
Superscope Prints with Optical 
Sound 

PH22.106, Projector Aperture for 35mm 
CinemaScope Prints with Optical 
Sound 

Approved by Film Projection Practice 
and submitted to Standards Committee. 

Z22.4-1941, 35mm Motion Picture Projec- 

tion Reels 
The first draft of the proposed revision of 
this standard was rejected by the com- 
mittee. The discussion at this meeting laid 
the basis for a second draft to be prepared 
by F. H. Riffle, chairman of the subcom- 
mittee dealing with this question. 

PH22.29 and .78, Screens and Mounting 
Frames for Theaters 

Until now, these two have been separate 
standards. At this time, it was decided to 
combine them into one standard and to 
delete all reference to specific sizes of 
screens and frames inasmuch as the variety 
of existing aspect ratios precludes such 
standardization. 


The effectiveness of heat filters in de- 


Full line of corrosion resist- 
ant stainless steel 
tonks with leak-proof spigot 
in 10, 15, 20, 25, 50 gation 
capacities. 


creasing the destructive effects of film 
blistering was analyzed and W. R. Holm 
was assigned the task of making an experi- 
mental study of this question. Subse- 
quent to the convention, he reported that 
with very rugged test conditions the use of 
a heat filter was completely effective in 
preventing film blistering. 


High-Speed Photography 

The prior nomenclature activity was 
reviewed in detail and Kenneth Morgan 
was assigned as coordinator to centralize 
the future work on this project. 

The need for special standards for 16mm 
film for high-speed work was analyzed. 
The pitch of the perforations, the tolerance 
applied to this dimension and excessive 
film shrinkage were termed potential 
sources of trouble. R. D. Shoberg agreed 
to make a survey of high-speed camera users 
to determine the actual extent of these 
difficulties and whether official committee 
action is warranted. 

Note was taken of the forthcoming Third 
International Congress on High-Speed 
Photography to be held in London, Sep- 
tember 10-15, 1956, and of the requirement 
that papers to be presented there must be 
submitted by January 1956, since it is 
planned to pre-print all papers fo: use at 
the meeting. In addition, general plans 
were made for the high-speed sessions at 
the Society’s 79th Convention. 


Laboratory Practice 
Two key activities have been under con- 
sideration for some time: (1) Printer Light 


Change Cueing of 16mm _ Negatives, 
PH22.89; (2) Nomenclature. The first 
involves experimental studies to establish a 
satisfactory method of cueing the light- 
change mechanism in the printing process 
so that notching the negatives for this 
purpose can be abandoned. Progress on 
these studies was reviewed and suggestions 
were made for completing this project. 
There was wide acceptance of the concept 
of employing a time-delay device so that 
the position of the cue spot could be stand- 
ardized at or near the scene change; the 
ability to vary the time delay would permit 
the differing printers to make prints from 
the same cued negatives. A proposed 
American Standard is to be prepared in- 
corporating this technique. 

There are two aspects to the nomencla- 
ture project: One is the need to revise 
American Standard Z22.56-1947, Nomen- 
clature for Motion Picture Film Used in 
Studios and Processing Laboratories, so 
that it is up to date; the second is the de- 
sirability of producing a more complete 
glossary of terms normally employed in the 
laboratory field. How to accomplish both 
of these objectives was the question and to 
this end specific forms were established and 
definite assignments were made to assure 
progress in both areas. 

Brief consideration was given to the 
preparation of a second draft of a proposed 
standard on the aperture for 35mm contact 
printers and also to the need for developing 
a standard on glass electrodes along the 
lines of British Standard 2586, 1955. The 
former is to be circulated shortly for con- 


Chemicals, too, can be handled 
economically, efficiently...in Fisher units 


Compare the route of one batch of your present photo 
chemicals to the operating ease provided by Fisher jet mixer. 
Vortex-free, pump-mixing on the spot. Transport 15, 20 or 
25 gallons in ‘'316"' stainless steel mobile tank to 
processors, pump liquid out or in without lifting or spilling 
in a fraction of time and labor of clumsy out-moded methods. 
316" stainless steel sinks, tanks, silver recovery units and 
equipment for all photo lab specifications are described in 
detail in Fisher catalogs. Send for yours now. Advanced Fisher 
engineered development is founded on years of job-testing for 
the most direct, technical, method requirements of our industry. 


“All-Film’...New 16mm, 35mm, 70mm pro- 
cessor replaces huge, expensive operations. 


Developing, fixing baths are Jet Sprayed... plus 
famous Fisher No Heat Drying! Top quality all 
stainless steel, continuous processing at 50 feet 
a minute. Unconditionally guaranteed. 


Jet Mixer... showing foot switch, 
ish.p. motor and 3-way valve. 


Supplied with plastic lines and 
hord rubber wheels. Sturdy stain- 
less steel dolly frame for extra 


strength. 


Chemical mixing 
pump mixing. Feeder tanks in ver- 
tical series saves lab space. 


tower affords 


OSCAR FISHER COMPANY, INC. 
1000 North Division Street Peekskill, N. Y. 
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SPECTRA 
Brightness Spot Meter 


@ Checks 


uniformity of blue 
backing for matte shots di- 
rectly from camera position 


@ Checks brightness of selected 
areas on set to determine 
brightness range 


@ Checks color temperature of 
light sources to maintain uni- 
form color quality 


@ Shows footcandle output of 
individual light units without 
interference from other sources 


@ Measures uniformity of illum- 
ination and discoloration of 
projection screens fer any dis- 
tance or angle 


@ Maintains standard brightness 
and COLOR TEMPERATURE of 
printer lights 


PHOTO RESEARCH CORP. 


KARL FREUND, President 
836 North Cahuenga Blvd. 
Hollywood 38, Calif. 


sideration of the entire committee and 
C. F LoBalbo was assigned the task of 
ascertaining the need for the latter. 


Screen Brightness 

A varied and extensive program of work 
was reviewed in great detail: 

Projection Screens. The Subcommittee on 
Projection Screens, chaired by Armin J. 
Hill, submitted a progress report dealing 
with classification of screens, definition of 


basic terms and recommendations on 
American Standards and two American 
War Standards relating to projection 


screens. The report and recommendations, 
with but a few modifications, were accepted 
with a commendation on the high quality 
of work and the subcommittee was directed 
to continue along the lines outlined in the 
report. 

Drive-in Theater Survey. Additional data 
on this survey had been obtained. These 
data confirmed the general conclusions 
drawn from the earlier data, published in 
the July 1955 Journal. It was decided that 
it would be valuable to publish a brief 
report which would list the new data and 
its substantiation of the previously pub- 
lished material. 

International Standard. William Kelley, a 
delegate to the Stockholm meeting of ISO/ 
rC 36, summarized the discussions on 
screen brightness at that meeting and 
reported the agreements reached for 
preparation of a Draft ISO Proposal. A 
comparative analysis was made of the 
differences between the Draft ISO Pro- 
posal and the existing American Standard, 
PH22.39-1953. The effect of the new pro- 
jection methods and resulting new, metal- 
lized screens was noted and the need for 
rapidly establishing standards for these 
screens was recognized, 

U.S. Standards The foregoing discussion 
led to a review of the two American Stand- 
ards on 16mm and 35mm screen brightness 
and to questions of desired objectives in 
improving these standards. A subcommittee 
was formed to give this further consider- 
ation and to make specific recommenda- 
tions. 


Meeting of CJLE. Aspects relating to 
motion-picture work of the June 1955 
Zurich meeting of the International Com- 
mission on Illumination (C.I.E.) were 
reported to the committee and discussed 
briefly. 


16 & 8mm Motion Pictures 


Consideration of nine standards occupied 
the center of interest of this group. The 
following conclusions were reached: 

PH22.8, 16mm Film Projected Image Area 

PH22.20, 8mm Film Projected Image Area 

PH22.79, 16mm Sound Projector Test Film 

These three proposals were approved for 
submittal to the Standards Committee for 
further processing. 

PH22.7, 16mm Motion-Picture Camera Image 

Area 
PH22.19, 8mm Motion-Picture Camera Image 
Area 

An objection to the second draft of 
PH22.7 and an objection to the first draft 
of PH22.19 were debated and new drafts 
were agreed upon for consideration of the 
entire committee. 
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PH22.41, Optical Sound Record on 16mm 

Prints 

An objection to the third draft of this 
proposal was not accepted and it was voted 
to ask the Standards Committee to con- 
tinue its processing. It is expected that this 
proposal will be published for trial and 
comment in the February or March 
Journal along with introductory material 
explaining the nature of the controversy 
and the reasons for the accepted solution. 

PH22.23, 8mm Projection Reels 

The first draft brought forth several 

objections and a second draft is to be pre- 
pared which, it is anticipated, will resolve 
these objections. 

Z22.80, Scanning-Beam Uniformity Test Film 
for 16mm Motion-Picture Sound Re- 
producers (Laboratory Type) 

Z22.81, Scanning-Beam Uniformity Test Film 
for 16mm Motion-Picture Sound Re- 
producers (Service Type) 

These are under review by a subcom- 

mittee working to reconcile discrepancies 
between the two standards. 


Sound 


Proposed American Standard PH22.40, 
Optical Sound Record on 35mm Prints, 
had been approved by the Sound Com- 
mittee prior to this meeting. Based on a 
question from the British, in a letter re- 
ferring to international agreements reached 
in 1952 in New York, the picture-sound 
separation specification of this standard 
was studied anew. This second look indi- 
cated that this could be clearer since it did 
not define the 20-frame separation as a 
print or a projector-threading specification. 
This problem was resolved by making a 
separate specification for each condition; 
and to improve further the clarity, ex- 
planatory material was added in an 
appendix to the standard. 

The proposed American Standard on the 
four magnetic soundtracks for Cinema- 
Scope prints has run into difficulty. The 
sole area of controversy is the width of the 
effects track, track No. 4. This width was 
initially proposed as 29 mils but was 
changed to 41 mils in order to increase the 
playback level with the same signal-to- 
noise ratio. Opposition to the wider track 
was voiced in that it would probably in- 
crease the 96-cycles/sec amplitude modula- 
tion and appreciably reduce the tolerance 
between this track and the projector, This 
issue was not resolved and the question was 
therefore tabled for further consideration 
at the next meeting. 

The results of the Stockholm meeting of 
ISO/TC 36 were reviewed in relation to 
the existing American Standards and the 
standards proposals in progress within the 
committee. This revealed several gaps in 
the committee’s program of work, and 
action was initiated to fill these gaps. 


Magnetic Recording Subcommittee 


This committee discussed briefly ques- 
tions relating to (1) batch identification of 
magnetic film; (2) 16mm multifrequency, 
signal level and azimuth test films; and 
(3) 16mm sound reproduce characteristics. 
The bulk of its time, however, was devoted 
to the question of the picture-sound separa- 
tion on 16mm motion-picture prints with 
magnetic sound. Prior U.S. standardization 
had established the same separation, 26 
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“High-Fidelity” Talking Pictures. 
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It it’s profit you’re after in the production of 
16 mm Sound-On-Film Talking Pictures, Auricon 
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Now you can get Lip-Synchronized Sound WITH 
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Auricon 16 mm “Optical” Sound-On-Film Cameras. 
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for Profit— Choose Auricon! 


BERNDT-BACH, INC. 
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’ Pan-Tilt Head Professional Tripod for 
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frames, for both the magnetic and optical- 
photographic sound records. New technical 
developments, new uses of the magnetic 
sound record and differing practices abroad 
have sparked proposals that this specifica- 
tion be changed to 28 frames. While a 
consensus appears to favor this change, 
unanimity does not exist, and the pros 
and cons of 28 frames vs. 26 frames were 
discussed and analyzed in great detail. The 
question was not resolved, but the discus- 
sion provided an excellent foundation for 
further consideration. 


Television 

At the previous committee meeting, a 
subcommittee had been appointed to 
recommend the design of a gray scale for 
inclusion in color release prints intended 
for use on color television. The subcom- 
mittee submitted a progress report which, 
after study, was accepted as a valuable con- 
tribution to this project. The subcommittee 
was asked to continue its work and to field 
test the conclusions reached. 

The relationship between the existing 
American Standard, 16mm Motion-Picture 
Television Projectors for Film Chains 
Operating on a_ Full-Storage Basis, 
PH22.91-1955, and the new developments 
in the television field was examined. This 
led to the appointment of a subcommittee, 
with H. N. Kozanowski as chairman, 
charged to write tentative standards of 
good engineering practice for 16mm pro- 
jectors as applied to present-day pickup 
equipment and to study PH22.91-1955 
with a view toward bringing this standard 
up to date. 


PH22 


PH22, ASA Sectional Committee on 
Motion Pictures, represents the U.S. on 
Technical Committee 36, Cinematography, 
of the International Standards Organiza- 
tion (ISO). Inasmuch as the second meet- 
ing of ISO/TC 36 was held in Stockholm 
in June 1955, PH22 devoted this meeting 
to analyzing the results of the Stockholm 
meeting and to establishing the requisite 
procedures for furthering this international 
standardization program. 

A general outline of the ISO picture was 
submitted by D. R. White, chairman of 
PH22, for committee consideration. This 
report, as approved by the committee, was 
published on page 631 of the November 
1955 Journal.—Henry Kogel, Staff Engineer 


section reports 


The Pacific Coast Section held its regular 
program meeting on December 20, 1955, 
in Radio Studio A of the American Broad- 
casting Company, Hollywood. Attendance 
totaled 210 members and guests. 

The program was outstanding for 
materials, technique and presentation. A 
demonstration of the new Anscochrome 
reversal 16mm film was given by John 
Kowalak of Ansco. Sid Solow of Con- 


solidated Film Industries presented a 
demonstration and discussion of the tech- 
nique used in making 16mm Eastman color 
prints from original Kodachrome, using 
16mm Eastman color negative as an 
intermediate. Carl Hauge, also of 
Consolidated Film Industries, described 
and demonstrated a highly novel visual 
scene counter for laboratory projection 
rooms. Fred Albin of ABC-TV. 
discussed the video recording technique 
as it has been modified and developed for 
Vidicon TV camera reproduction. 

The Society is grateful to the American 
Broadcasting Company for again provid- 
ing a Studio for our meeting, and to 
Cameron Pierce of ABC-TV for his 
cooperation in making the arrangements — 
E. W. Templin, Secretary-Treasurer, c/o 
Westrex Corp , 6601 Romaine St., Holly- 
wood 38. 


The Western New York Subsection of the 
Atlantic Coast Section announced new 
officers at the December 14, 1955, meeting 
held at Kodak Park, Rochester. The new 
officers are: 
Chairman: A. C. Robertson, Eastman Kodak 
Co. 
Secretary- Treasurer: George T. Negus, East- 
man Kodak Co. 
Program Chairman: Walter I. Kisner, East- 
man Kodak Co. 
Board of Managers: 
Arthur E. Neumer, Wollensak Optical 
Co. 
John L. Forrest, Ansco 
Monroe E. Sweet, Consultant 
David D. Manning, WHAM-TV 
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Dr. C. E. Kenneth Mees, the internation- 
ally known scientist, retired on November 
15, 1955, as Vice-President in Charge of 
Research for the Eastman Kodak Com- 
pany. Dr. Mees continues as a member of 
the Board of Directors. He has taken up 
permanent residence at his home in Hono- 
lulu, Hawaii. 

The son of a Wesleyan minister, Dr. 
Mees was born at Wellingborough, Eng- 
land, on May 26, 1882. He received a 
classical education but his interest in 
general science was aroused by a demon- 
stration of the making of chlorine gas by a 
school instructor. 

Although Dr. Mees’ interest in science 
and photography dates from his early 
boyhood, he did not become interested in 
photographic science until after he entered 
University College, London. A short time 
previous to that, and while at St. Dunstan’s 
College, he had met S. E. Sheppard. He 
and Sheppard often discussed what hap- 
pened to a plate when it was exposed in a 
camera and developed to a _ negative. 
Their search of published information in 
the University College library, however, 
revealed very little until Sheppard came 
upon the classical paper by Hurter and 
Driffield, which had been published in 
1890 in the Journal of Chemical Industry. 
This paper laid down the basic principles of 
photographic exposure and development. 
Using more refined apparatus built by 
themselves, Mees and Sheppard repeated 
and extended the work of Hurter and 
Driffield. The results were submitted to the 
examiners as theses for the B.Sc. degree by 
research, the first and last time such a de- 
gree was granted by London University. 

Following the granting of the degrees to 
them in 1903, the two students continued 
their work on the theory of the photo- 
graphic process and in 1906 published their 
researches jointly as a book, Investigations 
on the Theory of the Photographic Process. On 
the basis of this work, each was granted 
the Doctor of Science degree. 

When he had completed this work, Dr. 
Mees said he thought he would like to re- 


main at college as a teacher, but his 
professor, the great physical chemist, Sir 
William Ramsay, persuaded him to enter 
the field of industry where Ramsay said 
research workers were needed. He joined 
the small photographic firm of Wratten 
and Wainwright Ltd. at Croydon, Eng- 
land, in 1906 as a partner and joint 
managing director. 

For six years, Dr. Mees worked at 
Wratten and Wainwright. His first impor- 
tant photographic achievement was to 
sensitize photographic dry plates in manu- 
facture to light of all colors, and he thus 
produced panchromatic plates. He studied 
photographic sensitizing and the spectro- 
photometric characteristics of dyes, and 
worked out methods for the manufacture 
of light filters and safelights, special plates 
for photoengravers and spectroscopists, and 


did research on the resolving power of 
photographic materials. He had little time 
then to work on the basic theory of 
photography. 

In 1912, at Mr. Eastman’s invitation, 
he joined the Eastman Kodak Company 
and went to Rochester, N.Y., to organize 
and direct a research laboratory. In the 
years 1912-1913, the Kodak Research 
Laboratory was one of a small number of 
such laboratories in industries in the world. 
As a director of an industrial research 
laboratory, Dr. Mees pioneered. Further- 
more, the Kodak Research Laboratory was 
one of the first in industry in the United 
States to conduct a program of funda- 
mental research, which up to that time had 
been restricted almost exclusively to 
universities. 
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As originally organized by Dr. Mees, 
the Kodak Research Laboratory had three 
basic departments: chemistry, physics and 
Fundamental and applied 
research has been conducted in all these 


photography 


fields of science ever since the formation 
of the Research Laboratory and nearly 
1800 scientific communications from the 
Laboratory have been published in tech- 
nical journals in many countries. Dr. Mees 
also initiated in 1915 the publication the 
Vfonthly Abstract Bulletin in which abstracts 
are published of articles on photographic 
and allied subjects from the world’s litera- 
ture. He established in the Research Lab- 
oratory a library that has grown into the 


most important one of its type. 


During the forty-four years in which Dr. 
Mees was concerned with operations of the 
Research Laboratory at Kodak Park, he 
realized two of his life ambitions: (1) the 
development of a science of photography 
and (2) the application of science to in- 
dustry. While considerable work of the 
Laboratory staff has been done on funda- 
mental research in the theory of photog- 
raphy, much tume has been spent on 
development of new processes and im- 
provement of existing ones. The latter 
program has resulted in the introduction of 
new photographic materials for the 
amateur and the professional, the indus- 
trial worker and the scientist. Of widest 
popular interest perhaps was the introduc- 
tion of 16mm Cine-Kodak Film and equip- 
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ment in 1923 and of Kodachrome Film in 
1935, on both of which research and de- 
velopment were initiated in the Kodak 
Research Laboratories. 

Other significant developments under 
Dr. Mees’ direction were: (1) the found- 
ing at Kodak Park in 1917 of the first school 
of instruction in aerial photography; (2) 
the establishment in the Laboratory in 
1918 of a department for the manufacture 
of synthetic organic chemicals when the 
supply of such products from Germany was 
cut off during World War I; (3) the or- 
ganization of a department in 1919 for 
the development of photographic appara- 
tus; (4) the establishment in 1931 of a 
department of emulsion research which 
has made important contributions to the 
knowledge of emulsion manufacture; and 
(5) the establishment in 1934 of a depart- 
ment, in the Laboratory to carry out re- 
search on cellulose ester yarn and plastics 
for the Tennessee Eastman Company. 

Dr. Mees was named a director of the 
Kodak Company in 1923 and was elected 
Vice-President in Charge of Research and 
Development in 1934. 

In the last half century, Dr. Mees has 
been prolific also as a writer, lecturer and 
world traveler. He has published nine 
books and some 160 scientific articles and 
pamphlets. For 34 years he has been a con- 
tributor to the Journal of this Society, his 
first paper in the Journal being one on color 
photography (May 1922). The greatest of 
his publications is his book The Theory of the 
Photographic Process published in 1942 and 
revised in 1954. His book The Path of 
Science, published in 1946, is an account of 
science for historians and of world history 
for scientists. With J. A. Leermakers, 
an assistant director of the Laboratory, he 
is coauthor of the book The Organization of 
Industrial Scientific Research, a complete 
revision of his book published in 1920 
which was the first of its kind. 

Dr. Mees’ work has been recognized by 
awards and honors presented to him from 
societies and organizations in many 
countries of the world. That his work is 
valued on the highest level is evident from 
his being a Fellow of the Royal Society of 
London, a member of the American 
Philosophical Society, a member of the 
National Academy of Sciences, and a 
Fellow of the Society of Motion Picture and 
Television Engineers. He has been par- 
ticularly interested in giving service to 
science, especially in fields where the 
special knowledge and experience of the 
Kodak Research Laboratories could be 
applied. In particular, he contributed very 
greatly to the recent advances in astronomy ; 
he received the Henry Draper Medal for 
1936 of the National Academy of Sciences. 

The high regard in which he is held by 
his associates on the Board of Directors of 
the Eastman Kodak Company is well ex- 
pressed in the following quotation from 
their tribute to him on November 15, 1955: 


‘‘Many others have done him great 
honor which wecannot enhance, but we 
alone can give our personal testimony 
of appreciation and gratitude for the 
inspiration of his genius and leader- 
ship in Kodak affairs, and for the 
heritage of high aims and great ac- 
complishment which he has left to us.”” 
—Glenn E. Matthews 
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Robert E. Shelby, a Fellow of the Society 
and Vice-President and Chief Engineer of 
the National Broadcasting Company, died 
unexpectedly in Teaneck, N.J., on Decem- 
ber 6, at the age of 49. 

A pioneer in the development of black- 
and-white and color television, Mr. 
Shelby had been associated with NBC since 
1929. When the company first established 
its television development laboratory in 
the Empire State Building in New York 
in 1931, he was put in charge of the project, 
supervising the earliest experimental work 
in TV operation techniques. 

From 1935 to 1937, he assisted in the 
organization of RCA-NBC field tests of 
all-electronic television and in the design 
of equipment and facilities for those tests. 
During World War II, Mr. Shelby directed 
NBC’s wartime research and development 
activities, including the development of an 
airborne television reconnaissance system 
for the U.S. Navy. He also served during 
this time as technical consultant to the 
National Defense Research Committee. 

Mr. Shelby participated actively for a 
number of years in the television standard- 
ization work of various industry com- 
mittees. Before his promotion to Vice- 
President and Chief Engineer, he was 
director of Color Television Systems 
Development for NBC and in this post 
played an important role in the introduc- 
tion of RCA-pioneered compatible color 
television. 

He was elevated to the grade of Fellow 
in the Society on October 4, 1955, at the 
78th Convention, Lake Placid, N.Y. 


Education, Industry News 


SMPTE to Compile Courses 
of Instruction Report 


Formal steps have been taken by the 
Society to compile a report on motion- 
picture and_ television instruction § in 
colleges and universities in the United 
States. Dr. John G. Frayne, SMPTE 
President, has appointed a Committee on 
College Motion-Picture and Television 
Curricula. 

In 1946 Dr. Frayne compiled a report 
on motion-picture instruction in colleges 
and universities and in September 1950 
this report was revised by Jack Morrison 


in the East it’s. 
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of the University of California at Los 
Angeles. In addition to bringing those 
earlier reports up to date, the committee 
hopes to expand them to include related 
courses in television instruction. 

The committee, which is under the 
chairmanship of Desmond P. Wedberg, 
Editor of Film and A-V World, is a sub- 
committee of the Society’s Committee on 
Education. The parent group was or- 
ganized early in 1955 to meet the growing 
need for trained technical people in the 
motion-picture industry. Through its sub- 
committee on Training of Film Laboratory 
lechnicians the group has already estab- 
lished three seminars at the Engineering 
Extension Division of the University of 
California at Los Angeles. 

Other members of the new committee 
are Dr. Herbert A. Berry, Gordon-Berry 
Scripts, La Mirada, Calif.; Herbert E. 
Farmer, University of Southern California, 
Los Angeles; Dr Charles Fermaglich, 
Empire Studios, Houston, Texas; G. B. 
Grossman, Hughes Aircraft, Culver City, 
Calif.; Haig P. Manoogian, New York 
University; Thomas W. McMaster, 
Edward Bok Vocational School, Drexel 
Hill, Pa.; Joan Reynertson, Alturas Films, 
Santa Barbara, Calif.; Emmett R. Salz- 
berg, Circle Film Laboratories, New York 
City; Edgar A. Schuller, De Luxe Lab- 
oratories, Astoria, N.Y.; and George N. 
Woodruff, Chicago Midway Labora- 
tories.—S.G. 


Sound Course 


A course in the “‘Elements of Sound 
Recording for Motion Pictures,”’ which will 


begin February 9 at the University of 
Southern California, has been sponsored 
by the Society through the Education 
Committee’s Subcommittee on Sound 
Recording. Designed specifically for op- 
erating personnel in the Sound Depart- 
tments of Hollywood film studios, this 
course was organized and developed by 
the Society, the engineers in the industry 
and the I.A.T.S.E. Sound Technicians, 
Local 695, to give the newer men in the 
field a background in the principles of 
sound and the procedures in its recording. 

The course will cover present-day re- 
cording methods, materials, equipment 
and personnel; physical elements of sound 
and acoustics; production techniques; 
microphones, mixers, recording equipment 
and factors governing sound quality. It 
will be taught by Mr. Wiegand of the 
Department of Cinema faculty and by 
guest lecturers from the industry who are 
specialists in the various problems. 

The class will meet Thursday evenings, 
Feb. 9 through June 7 at the Cinema Build- 
ing, 659 W. 35 St., Los Angeles, from 7:30 
to 10:10 P.M. The registration fee is 
$60. 

The Subcommittee on Sound Recording 
is under the chairmanship of Lorin D. 
Grignon of Twentieth Century-Fox, and 
is comprised of representatives of the 
studios, USC and the union, including 
Lloyd T. Goldsmith of Warner Brothers, 
Fred R. Wilson of Samuel Goldwyn 
Studio, William Stafford of MGM, 
Herbert Farmer of USC, Tom Carman, 
business agent of Local 695, and Barney 
Freericks, Twentieth Century-Fox.—S.G. 
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Research Films in Biology, Anthro- 
pology, Psychology and Medicine 


By Anthony R. Michaelis. Published 
(1955) by Academic Press Inc., 125 E. 
23 St., New York 10. 490 pp. 87 illus. 
53 X 9 in. Price $10.00. 

Dr. Michaelis has produced a small ency- 
clopaedia by strictly limiting it to research 
motion pictures in biology, medicine and 
the social sciences; excluding film strips, 
teaching films, etc. A second volume may 
be published on physical science, geog- 
raphy and engineering, and astronomy if 
there is sufficient interest. Workers in these 
fields should demand this aid. 

“A research film results from the 
application of cinematography to the 
systematic search for new knowledge in 
the sciences.”” Some of us prefer to think 
of science as a unity with different ap- 
proaches or branches rather than the cate- 
gories of this book; some of which are 
rather small to be called sciences. 

The first 32 pages are devoted to defini- 
tions, boundaries, history, literature, ad- 
vantages and limitations, research films, 
cameras, chronometers, planning, analysis, 
use, preservation and storage of research 
films and stereoscopic photography in 
research. This compact treatment, as well 
as the rest of the book, reads well, First 
principles are stressed, little is missed, even 
a touch of calculus is shown to be useful in 
frame analysis. Historical treatment in- 
cludes brief mention of Marey’s work and 
specific references to other books and 
sources. While definitely a British book, 
the author has not restricted the content to 
works in one language. Camera needs are 
stated and referenced, but it is noted 
that none have been manufactured 
specifically for scientific use. 

The rest of the book covers the Biological 
Sciences, with chapters on cinematog- 
raphy, biology and animal behavior; the 
Human Sciences which he treats with 
chapters on human record films, anthro- 
pology, and psychology and psychiatry; 
and the Medical Sciences with chapters 
on techniques of medical cinematography, 
techniques of X-ray cinematography and 
medicine. Each chapter starts with an 
argument and most chapters include 
theoretical and practical considerations, 
techniques, reviews and sources. The 
classifications and subdivisions will amaze 
many readers, e.g., muscular action re- 
ceives equal billing with locomotion, 
botany, reproduction, cytology and em- 
bryology; X-ray cinematography is found 
under biology (circulation and heart) 3+ 
pp. as a chapter of 26 pp., and under 
medicine (heart) 3+ pp. Fortunately a 
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good index and analytical table of con- 
tents aid the reader to find that which in- 
terests him. 

echnical methods and equipment are 
discussed at some length at the beginning 
of the biology section and again in each of 
the other sections. Special equipment is 
mentioned here and there throughout the 
book, with a 
reference. Illustrations of more equipment 


often only in a sentence 
would have been of aid to those entering 
this field. The less expensive and complex 
solutions will have to be dug out from the 
the delightfully 
device of Krog’s is not 
tioned, although the reference is cited in 
the bibliography. 

Ihe bibliography of 1490 titles is quite 
complete and indexed as to where each is 


references; e.g., simple 


focusing men- 


discussed in the text, an invaluable aid for 
fields of cited, 


workers in the interests 


Much general information is given as 
graphs showing the number of scientific 
films in several disciplines and several 
countries, Sources of films, catalogs and 
film libraries are listed for many countries. 
The biological section is quite complete, 
the medical section is less adequate and 
the human sciences interesting although 
I do not know how complete. 

Dr. Michaelis is to be congratulated for a 
monumental task of analysis—truly multum 
in parvo. Brevity sometimes misses basic 
problems; for example, the reviewer notes 
on p. 55 that his own 1932 equipment is 
mentioned to condemn it, 
camera was removed for changing film. 
No credit is given to the fact that this 
was done in the darkness of the changing 
bag so that inexpensive, unspooled positive 
film might be used and the budget ex- 
tended. 
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The fundamental accomplishment is 
the compact organization with good 
documentation of so much information. 
The book will be a first source to learn 
what scientific motion pictures have done 
and how research uses cinematography. 
Ihe administrator and the scientist will 
find much information and guidance, 
whether they are looking forward or 
backward into history. The engineer may 
find enough information to set up equip- 
ment for a scientific investigation, and if 
not he can use the ample list of references 
in many languages—O. W. Richards, 
Research Supervisor for Biology, American 
Optical Co., Southbridge, Mass. 


current 
literature 


The Editors present for convenient reference a 
list of articles dealing with subjects cognate to 
motion picture gi ing published in a 
number of selected journals. Photostatic or 
microfilm copies of articles in magazines that are 
available may be obtained from The Library 
of Congress, Washington, D.C., or from the 
New York Public Library, New York, N.Y., at 
prevailing rates. 


American Cinematographer vol. 36, Nov. 1955 

Toughest, Thinnest Film (p. 646) 

The Use of ‘Existing Light’ in Newsreel Pho- 
tography (p. 648) B. Gray 

Summary of Current Wide-Screen Systems of 
Photography (p. 654) 

Synchronized Sound with Any Silent Projector 
(p. 662) H. Benson 


American Cinematographer vol. 36, Oct. 1955 


CinemaScope on 55mm Film (p. 582) A. £. 
Gavin 

Gleason Goes “Live on Film” (p. 584) L. Allen 

Preparation of 16mm Printing Leaders (p. 586) 
Assoc. of Cinema Laboratories, Inc. 

Animation Major Factor in Production of TV 
Ad Films (p. 588) V. W. Palen 

The Superscope Process (p. 591) W. Cline 

Anscochrome Now Available in 16mm (p. 606) 


British Kinematography 
vol. 27, No. 5, Nov 
Supalux Projection System (p. 138) 
Television Coverage of Great Britain (p. 139) 
R. A. Rowden 


1955 


Electronic Engineering vol. 27, Dec. 1955 

16mm Tele-recording for Sequential Television 
Systems (p. 516) V. B. Hulme 

vol. 27, Nov. 1955 


488) 


Electronic Engineering 
Colour Television in the U. S. A. (p. 
C. G. Mayer 


Electronics vol. 28, Dec. 1955 
Automatic Colorimeter Checks TV Color Tubes 
(p. 138) E. Sanford 


Institute of Radio Engineers, Proceedings 
vol. 43, Nov. Pt. 1, 1955 


The ABC’s of Television (p. 1574) J. M. Barstou 


vol. 30, Nov. 1955 
Proposed Magnetic-Optical CinemaScope Print 
(p. 10) 


International Projectionist 
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55mm CinemaScope Negative Will Improve 
Definition (p. 12) A. Gavin 

Fast-Pulldown Intermittent Movements Solve 
Many Projection Problems (p. 13) J. M. Ruiz 

Cronar, New DuPont Film Base, Soon to be in 
Production (p. 16) 


International Projectionist vol. 30, Oct. 1955 

The Todd-AO System: A Projector for Both 
70- and 35mm Film (p. 7) J. Morris 

SMPTE Survey of Drive-In Theatres (p. 13) 
F. J. Kolb, Jr. 

Recent Trends in Shutter Design for Theatre 
and TV Projection (p. 17) R. A. Mitchell 


International Photographer vol. 27, Nov. 1955 

New Lightweight VistaVision Camera (p. 5) 
W. R. Greene 

The Use of Filters with Kodachrome (p. 21) 
R. W. Sumner 


Kinematograph Weekly 
vol. 464, Nov. 10, 1955 
Anamorphic Filming from Air in 16mm (p. 33) 
W. E. Oliver 


products 


Cand developments) 


Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


~ 


Smallest dynamic microphone ever de- 
veloped for radio and television broadcast- 
ing—a “thumb-size’” RCA device which 
weighs 2.3 oz. — is now marketed by 
RCA’s Broadcast and TV Equipment Dept. 
It measures only 2,% in. in length and 38 
in. in diameter. So small that it can be car- 
ried completely concealed in the hand, it 
can also be worn conveniently around a 
performer’s neck or clipped to lapel or 
dress. Designed for walk-around operation, 
the new RCA microphone (BK-6B) plugs 
directly into the studio console and requires 
no tubes or special power supply. 
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Kino-Technik vol. 9, Oct. 1955 

Neue Filmverfahren bestimmen Form und 
Gestaltung der Lichtspieltheater (p. 342) 

Lichtspieltheater fir 3D- und Breitschirmver- 
fahren (p. 348) 

Stereophonische Tonwiedergabe erfordert gute 
Akustik (p. 351) 

Moderne Beleuchtung als Mittel der Raum- 
gestaltung (p. 354) 

Aufbau und Gestaltung moderner Tonanlagen 
fiir Filmtheater (p. 356) 

Das Todd-AO-Verfahren in der praktischen 
Bewahrung (p. 365) 


Philips Research Reports 
vol. 10, no. 5, Oct. 1955 
Phosphors for Tricolour Television Tubes 


(p. 305) A. Bril and H. A. Klasens 


PSA Journal vol. 21, Nov. 1955 
CinemaScope for 16mm—The Vidoscope 16 
Lens (p. 28) B. Brooks 


Tele-Tech and Electronic Industries 
vol. 14, Nov. 1955 


G. E. Unveils New 3-Gun Color TV Tube (p.83) 


A pressure actuated type, the miniature 
‘‘mike”’ is engineered for frequency re- 
sponse and directional scope to complement 
the characteristics of speech and provide 
the balance essential for efficient off-mike 
broadcasting. It has a frequency response 
of 80 to 12,000 cycles. It is equipped with 
lanyard and a 30-ft flexible cable. 


The Model 105 Farnsworth Infrared 
Viewer is a product of Farnsworth Elec- 
tronics Co., Fort Wayne, Ind. It is for use 
in photographic work, medical and biologi- 
cal research and hot body observation 
(above 250 C). The viewer specifications 
are a 1C16-3 Farnsworth tube, wavelength 
response of 0.4 to 1.2 microns, with resolu- 
tion of 400 lines/in. The lens is a 4-in. 
f{/2.0 Raptar. There is a special eyepiece 
and }-20 screw tripod mount. Power sup- 
plies for specified a-c or d-c voltages can be 
supplied. The standard supply is 115-v, 60 
cycles, 15-w, with an output voltage of 16 
kv. There are accessories of infrared sources 
and lens adapter. 


An English edition of Grossbild Technik, 
a German quarterly dealing with large- 
negative photography, has been an- 
nounced. Grossbild Technik deals particularly 
with the technical and aesthetic aspects of 
advanced photography and with the use 
generally of the camera in science, in- 
dustry, criminology, advertising, fashion 
and other specialized fields of advanced 
work. 

Published in cooperation with the Linhof 
Camera Co. of Munich, the English edition 
wil) be distributed in this country by Kling 
Photo Corp., 235 Fourth Ave., New York, 
sole agents for Linhof cameras. Issued 
quarterly, single copies will sell for 75 
cents through photo dealers and _ book- 
stores. Annual subscriptions will be $3.00. 

Size of the publication is 9 X 11} in. 
The illustrations, both black-and-white 
and color—many full page—are repre- 
sentative of the finest work in the graphic 
arts. It is expected that Grossbild Technik 
will also draw considerable readership 
from this field, and from artists, de- 
signers and art directors. The first issue 
apperaed in December. 
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em ployment 
service 


These notices are published for the service of the 
membership and the field. They are inserted 
three months, at no charge to the member. The 
Society's address cannot be used for replies. 


Positions Wanted 


Animator leaving military service desires posi- 
tion with industrial or TV film producer. College 
degree in motion-picture production. Experience 
includes animated TV commercials and 2 years 
with U.S. Air Force in graphic animation. 
Thorough knowledge of field including layout 
design, key drawings and in-betweens, and 
photography on Acme stand. Letters and films 
on request. Lt. Louis O. Hertz, P.O. Box 462, 
Valparaiso, Fla 


One-Man Productions. M.A. Communications. 
Five years experience in every aspect of 16mm 
productions, color, sound and newsreel. Seeks 
interesting and challenging assignment here or 
abroad. Elliott H. Butler, 110 East Grand St., 
Mount Vernon, N.Y 


16mm Cameraman. All phases of 16mm and 
35mm motion picture photography. Also film 
strip production and industrial still photography. 
Have own equipment for both motion picture 
and still, Would like position with studio or 
industrial concern in New York or New Jersey. 
Leslie Crocker, 24 Brookwood Dr., Maplewood, 
N.J. 


Writing-Production Team. Completely and well 
equipped for 16mm color and sound. Operating 
own script to answer print studio since 1952. 
Seeks incorporation into organization or com- 
pany as production department. Also interested 
in working exclusively for organization or person 
requiring extensive location and _ production 
work in or out of U.S.A. Complete references, 
background resumes and production sample on 
request. Write: Clark and Conkling, Box 1161, 
Reading, Pa. 


Positions Available 


16mm Processing Technician. Excellent oppor- 
tunity for top-notch man; must be neat, orderly, 
accurate and possess knowledge of photographic 
chemistry. Send resume of background and 
experience to Eugene F. Fischer, Fischer Photo- 
graphic Laboratory, Inc., 1731 N. Mobile Ave., 
Chicago 39, Ill. 


Electronic Specialists for basic and applied re- 
search on new devices for military use. End 
items in this field are’mine detectors and related 
equipment resulting from basic and applied 
research in electronics, electromagnetic field and 


radiation theory, information theory, statistics 
and geophysics. Applicants must hold a degree in 
electrical engineering, physics or mathematics, 
or have considerable practical research experi- 
ence in their fields. Salaries range from $4345 to 
$8940 per year, commensurate with education 
and experience. Write to: Walter H. Spinks, 
Acting Executive Officer, Engineer Research 
and Development Laboratories, Fort Belvoir, Va. 


General Engineer, GS-11, salary $6300 per 
annum. Requirements: A degree in engineering 
plus two and one-half years of progressive pro- 
fessional experience in electronic and mechanical 
engineering; or six and one-half years successful 
and progressive experience in technical engineer- 
ing. Specialized experience in recording proc- 
esses and recording equipment is desired. Send 
resume, complete information, to Industrial 
Relations Dept., Office of Naval Research, 
Special Devices Center, Port Washington, L.I., 
N.Y. 


Mechanical Design Engineers—Senior Grade. 
Openings immediately available. Basic knowledge 
of the professional motion-picture production 
cycle necessary, with specific emphasis on labora- 
tory functions. A knowledge of 16mm and 35mm 
printers would be helpful, but is not required. 
For interview telephone AM 2-1600 or wire to 
George L. Oakley, c/o Bell & Howell Co., 7100 
McCormick Rd., Chicago 45. 


Motion Picture and Still Photography. Grow- 
ing producer in South has excellent opportunity 
for experienced man. Must also have editing ex- 
perience. Give resume and references in first 
letter. Continental Productions Corp., 539 Vine 
St., Chattanooga, Tenn. 


Professional Services 


FILM PRODUCTION EQUIP. 
The world’s largest source of supply for prac- 
tically every need for producing, p sing 
recording and editing motion picture films. 
Domestic and Foreign 
S.0.S. CINEMA SUPPLY CORP. 
Dept.TE, 602 W. 52 St., N.Y.C.-Cable:SOSOUND 


FILM PRODUCTION EQUIPMENT 
RENTALS SALES SERVICE 
Cameras, Projectors, Recorders 
Lighting, Editing, Lab. Equipment 
Our Overseas Dept. Equipped for Fast 
Foreign Delive 
Free Catalogs Available 
FLORMAN & BABB 
68 West 45th Street New York 36, New York 
Cable: FLORBABB, New York MU 2-2928 


VIDEO FILM LABORATORIES 
Complete Laboratory 16MM Service for 
Producers Using Reversal Process 
Also 16MM Negative and Positive Developing 
Write for Price List 
Video Film Labs are now located at 
350 W. 50th St., New York 19. JUdson 6-7196 


ROCKY MOUNTAIN HEADQUARTERS 
For 16mm Film Services 
Processing—Printing—Recording 
Editing—Production—Rental—Sales 
DuPont, Eastman and Fastax films in stock 
Write for Price List 
WESTERN CINE SERVICE, INC. 
114 E. 8th Ave., Denver 3, Colo. TAbor 5-2812 


PHOTOGRAPHIC 
INSTRUMENTATION 
Specializing in 
HIGH-SPEED 
Motion-Picture Photography 
Photographic Analysis Company 


100 Rock Hill Rd., Clifton, N. J. 
Phone: Prescott 8-6436 


PROFESSIONAL MOTION PICTURE 
PRODUCTION EQUIPMENT 


Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 
Consulting Services by Qualified Engineers 
Domestic and Foreign 


EQUIPMENT CORP. 
10 E. 52nd St., NYC 
Cable: REEVESQUIP 


FISCHER PHOTOGRAPHIC 
LABORATORY, INC. 


MErrimac 7-5316 
1731 N. Mobile Ave., Chicago 39 


CIRCLE 
FILM LABORATORIES 


Rapid Efficient Service 
CO 5-2180 
33 West 60th St., New York 21, N.Y. 


WILLIAM B. SNOW 
Consulting Engineer 
Acoustics—Electronics 
Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 
EXbrook 4-8345 


16MM REVERSAL PROCESSING 


ROUND-THE-CLOCK HI-SPEED 


SERVICE ON TRI-x, DUPONT 930 & 931 


Over four million feet of film successfully proc- 
essed for TV, School and industry. Rate only 
3¢ per foot. 


WE CONVERT AURICON CINE-VOICE 
TO 400 FOOT MAGAZINE OPERATION 


HAROLDS PHOTO & TV—Sioux Falls, S. Dak. 


Professional cards available to members 12 insertions, 2 x1 in., $60 
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hand rewind negative rewind set 


differential rewind 


power rewind 


HO 2-3284 

956 NO. SEWARD ST. 
HOLLYWOOD 38 
CALIFORNIA 


synchronizer split reels 


vault cans swivel base 


film racks 


tightwind 


editing table 


film storage cabinet 


ae at better dealers everywhere 
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color harmony 
every time 


You'll also 

have production harmony 

every time you schedule 

these Byron 16mm facilities: 

script 

art 

titling 

animation 

editing 

sound effects 

recording 

location photography 

music library 

sound stage 

complete black-and-white 
laboratory facilities 

precision magnetic striping 


color-correct”* 
prints.... 


Quality conscious? Byron color-correct* prints are 
what you want. Get duplicate prints processed 

with exacting fidelity — color prints in balance that 
retain all their natural beauty with full depth and 
clarity. Color-correct* is a Byron exclusive, the result 
of many years of engineering research and development 
by a pioneer laboratory — staffed by master craftsmen 
— working with the finest equipment at top level 
efficiency. Choose the leader in the 16mm color field. 


Time important? Try our 8-hour service. 


by r © n Studios and Laboratory 


1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 
*Reg. U.S. Patent Office 


SEND FOR YOUR COMPLIMENTARY COPY OF THE 3 ILLUSTRATED BULLETINS ON “PRE-PRINT PREPARA- 
TION” AS DEVELOPED AND RECOMMENDED BY THE ASSOCIATION OF CINEMA LABORATORIES 
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Meeting Calendar 


News Columns 


79th Convention—Papers Program 
SMPTE 1955, by John G. Frayne . 
Engineering Activities. .... 
Biographical Note: C. E. K. Mees 
Obituary: Robert E. Shelby . . 
Education, Industry News . . . 


Advertisers 


Berndt-Bach, Inc. . . 
Camera Equipment Co. 
Cinema Engineering Co. 

Filmline Corp... . 

Oscar Fisher Co. . . . 
General Film Laboratories, Inc. 
Hollywood Film Co. ... . 


Research Films in Biology, Psychology and Medi- 
cine, by Anthony R. Michaelis, reviewed by 
O. W. Richards. 


Current Literature . 
New Products. . . 
Employment Service 


Kollmorgen Optical Corp... . 
Magnasync Mfg. Co., Ltd.. ... 
Movielab Film Laboratories, Inc. 
Peerless Film Processing Corp. . 
Photo Research Corp. ... . 
Precision Film Laboratories, Inc. 

Prestoseal Mfg. Co. . . ... 
Professional Services . 
Westrex Corp. . . ‘ 


American Institute of Physics, 25th Anniversary Celebration, Jan. 30- 
Feb. 4, 1956. Includes meetings of: 
American Assoc. of Physics Teachers, Jan. 30 
American Physical Society, Jan. 30—Feb. 4 
Optical Society of America, Feb. 1 
Acoustical Society of America, Feb. 1 
Society of Rheology, Feb. 1 
All the above meetings at Hotel New Yorker, New York. 

American Physical Society, Jan. 30—-Feb. 4 (see above); Feb. 24-25, 
Rice Institute, Houston, Tex. 

Optical Society of America, Feb. 1 (see above); April 5-7, Bellevue- 
Stratford, Philadelphia; Oct. 18-20, Lake Placid Club, Essex County, 
N. Y.; Mar. 7-9, 1957, Hotel Statler, New York. 

Microwave Techniques, National Symposium, sponsored by IRE, 
Feb. 2-3, 1956, Univ. of Pennsylvania, Philadelphia. 

High-Speed Photography, Third International Congress, including 
exhibit of high-speed photographic and cinematographic equipment 
and instrument aids; sponsored by Britain’s Dept. of Scientific and 
Industrial Research, Sept. 10-15, 1956, London. 

National Audio-Visual Convention, July 20-25, 1956, Hotel Sherman, 
Chicago. 

National Electronics Conference, Inc., 12th Annual Conference, Oct. 
1-3, 1956, Hotel Sherman, Chicago. 

SMPTE Central Section, Feb. 20, Mar. 19, Apr. 16, May 21, June 18 

American Society for Engineering Education, Jan. 26, 1956, Marquette 
University, Milwaukee. 

Association of Cinema Laboratories, Jan. 26, 1956, New York. 

American Institute of Electrical Engineers, Winter General Meeting, 
Jan. 30—Feb. 3, 1956, Hotel Statler, New York. 


SMPTE Officers and Committees: 


Royal Photographic Society of Great Britain, Scientific and Technical 
Group, Annual Meeting, Mar. 15, 1956, London. 

Inter-Society Color Council, Annual Meeting, April 5—6, 1956, Hotel 
Statler, New York. 

International Symposium on Nonlinear Circuit Analyses, II; sixth 
of a series sponsored by the Polytechnic Institute of Brooklyn, Apr. 
25-27, 1956, Engineering Societies Building, New York. 

ASME-Engineering Institute of Canada Joint Meeting, May 23-25, 
1956, Mount Royal Hotel, Montreal. 

American Society of Mechanical Engineers, Sept. 10-12, 1956, Denver. 

Theatre Owners of America, Inc., Annual Convention, Sept. 19-25, 
1956, Coliseum, New York. 

National Association of Educational Broadcasters, Oct. 1956, Atlanta. 

79th Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Apr. 29-May 4, 1956, Hotel Statler, New York. 

80th Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 7-12, 1956, Ambassador Hotel, Los Angeles. 

81st Semiannual Convention of the SMPTE, Apr. 28-May 3, 1957, 
Shoreham Hotel, Washington, D.C. 

82nd Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 6-11, 1957, Hotel Statler, New York. 

83rd Semiannual Convention of the SMPTE, April 20-26, 1958, 
Ambassador Hotel, Los Angeles. 

84th Semiannual Convention of the SMPTE, Oct. 19-24, 1958, 
Sheraton-Cadillac, Detroit. 

85th Semiannual Convention of the SMPTE, May 3-8, 1959, Fon- 
tainebleu, Miami Beach. 

86th Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 5-10, 1959, Hotel Statler, New York. 


The rosters of the Officers of the Society, its Sections, 


Subsections and Chapters, and of the Committee Chairmen and Members were published in the April 1955 Journal. 
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Acme Film Laboratories, Inc. 

Alexander Film Co. 

Altec Companies 

Ansco 

C. S. Ashcraft Mfg. Co. 

Audio Productions, Inc. 

The Ballantyne Company 

Bausch & Lomb Optical Co. 

Bell & Howell Company 

Berndt-Bach, Inc, 

Bijou Amusement Company 

Buensod-Stacey, Inc. 

Burnett-Timken Research Laboratory 

Byron, Inc. 

CBS Television 

The Calvin Company 

Oscar F. Carlson Company 

Century Projector Corporation 

Cineffects, Inc. 

Cinema-Tirage L. Maurice 

Cine Products Supply Corporation 

Geo. W. Colburn Laboratory, Inc. 

Consolidated Film Industries 

DeLuxe Laboratories, Inc. 

Dominion Sound Equipments Limited 

Du Art Laboratories, Inc. 

E. |. du Pont de Nemours & Co., Inc. 

Eastman Kodak Company 

Elgeet Optical Company, Inc. 

Max Factor & Co. 

Federal Manufacturing and Engineering Corp. 

Fordel Films, Inc. 

General Electric Company 

General Film Laboratories Corporation 

General Precision Equipment Corp. 
Ampro Corporation 
Askania Regulator Company 
General Precision Laboratory Incorporated 
The Hertner Electric Company 
International Projector Corporation 
J. E. McAuley Mfg. Co. 
National Theatre Supply 
The Strong Electric Company 


W. J. German, Inc. 

Guffanti Film Laboratories, Inc. 
Hollywood Film Company 

Houston Fearless 

Hunt's Theatres 

Hurley Screen Company, Inc. 

The Jam Handy Organization, Inc. 
Kollmorgen Optical Corporation 
Lorraine Carbons 

Major Film Laboratories Corporation 


sustaining 
members 


of the Society 


and Television Engineers 


J. A. Maurer, Inc. 

Mecca Film Laboratories, Inc. 

Mitchell Camera Corporation 

Mole-Richardson Co. 

Motiograph, Inc. 

Motion Picture Association of America, Inc. 
Allied Artists Productions, Inc. 
Columbia Pictures Corporation 
Loew's Inc. 

Paramount Pictures Corporation 
Republic Pictures Corp. 

RKO Radio Pictures, Inc. 
Twentieth Century-Fox Film Corp. 
Universal Pictures Company, Inc. 
Warner Bros. Pictures, Inc. 


Motion Picture Printing Equipment Co. 
Movielab Film Laboratories, Inc. 
National Carbon Company 


A Division of Union Carbide and Carbon 
Corporation 


National Cine Equipment, Inc. 

National Screen Service Corporation 

National Theaters Amusement Co., Inc. 

Neighborhood Theatre, Inc. 

Neumade Products Corp. 

Northwest Sound Service, Inc. 

Panavision Incorporated 

Pathe Laboratories, Inc. 

Polaroid Corporation 

Producers Service Co. 

Projection Optics Co., Inc. 

Radiant Manufacturing Corporation 

Radio Corporation of America, Engineering 
Products Division 

Reid H. Ray Film Industries, Inc. 

Raytone Screen Corp. 

Reeves Sound Studios, Inc. 

$.0.S. Cinema Supply Corp. 

SRT Television Studios 

Shelly Films Limited (Canada) 

The Stancil-Hoffman Corporation 

Technicolor Motion Picture Corporation 

Terrytoons, Inc. 

Titra Film Laboratories, Inc. 

United Amusement Corporation, Limited 

United Artists Corporation 

Alexander F. Victor Enterprises, Inc. 

Wenzel Projector Company 

Westinghouse Electric Corporation 

Westrex Corporation 

Wilding Picture Productions, Inc. 

Wollensak Optical Company 
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